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ATOMIC  TRANSITION  PROBABILITIES* 


(A  critical  data  compilation) 

Volume  I 

Elements  Hydrogen  through  Neon 
W.  L.  Wiese,  M.  W.  Smith,  and  B.  M.  Glennon 

Annum-  traiv-itiim  |>n>l>al>ilili<'-  for  about  4.000  spd'lral  line-.  of  I  In-  first  leu  rlements.  Iiascd  <ri  all  available  literature 
sources,  arc  criticallv  innspileil.  Tlic  data  are  presented  in  separate  tables  foreacli  element  and  stage  of  ionization.  For 
eacli  ion  tlie  transitions  are  arranged  according  to  niulliplels.  supermultiplels.  transition  arrays,  and  increasing  quantum 
liuinliers.  Allowed  ami  forbidden  transitions  are  listed  separately.  Foreacli  line  tlie  transition  probability  for  spontaneous 
emission,  the  absorption  oscillator  strength,  and  tlie  line  sirength  arc  gi\en  along  with  ill.-  spi-droscopic  designation,  the 
wavelength,  the  statistical  weights,  and  the  energy  levels  of  the  upper  and  lower  stales.  :n  addition,  the  estimated  accu¬ 
racy  and  the  source  are  indicated.  In  short  introductions,  which  precede  the  tables  for  each  ion.  the  main  justifications 
for  tbc  choice  of  the  adopted  data  and  for  the  accuracy  rating  are  discussed.  A  general  introduction  contains  a  critical 
review  of  the  major  data  sources. 


A.  INTRODUCTORY  REMARKS 

After  a  long  period  of  limited  activity  in  atomic  spec¬ 
troscopy,  the  last  half  dozen  years  have  brought  rapid  growth 
to  this  field.  This  has  been  sparked  largely  by  urgent  needs 
from  areas  in  which  basic  atomic  data  are  employed,  namely 
plasma  physics,  astrophysics,  and  space  research.  As 
part  of  these  developments,  the  pace  and  scope  of  deter¬ 
mining  atomic  transition  probabilities  has  greatly  increased, 
so  that  the  amount  of  accumulated  material  appears  now 
to  be  sufficiently  large  to  make  a  critical  data  compilation 
worthwhile  and  desirable.  To  realize  this  ide?.,  a  data  centet 
mt  atomic  transition  probabilities  war-  established  at  the  Na¬ 
tional  Bureau  of  Standards  in  1%().  As  a  firsl  step  of  the  pro¬ 
gram,  a  search  for  the  widely  scattered  literature  references 
was  undertaken.  This  phase  of  the  work  was  essentially 
completed  in  1962  with  the  publication  a  “Bibliog¬ 
raphy  on  Atomic.  Transition  Probabilities”  (NBS  Monograph 
50)  [1].  After  that,  only  the  monitoring  of  the  current  litera¬ 
ture  had  to  be  kept  up,  and  the  emphasis  of  the  work  there¬ 
fore  could  be  shifted  to  the  critical  evaluation  of  the  litera¬ 
ture  and  the  tabulation  of  the  numerical  data.  Sinee  the 
lightest  ten  elements  have  been  of  dominant  interest,  and 
on  the  other  hand,  the  largest  amount  of  data  are  available 
for  them,  it  was  decided  to  concentrate  on  these  and  publish 
their  “best”  values  as  the  first  part  of  a  general  compilation, 
pilation. 

When  the  present  tabulation  was  started,  it  was  hoped 
that  sufficient  reliable  material  was  available  for  a  fairly 
comprehensive  list,  which  would  contain  data  for  at  least 
all  the  strong  prominent  transitions.  This  hope  material¬ 
ized  only  partially.  A  number  of  gaps  and  large  discrep¬ 
ancies  were  found,  and  the  theoretical  and  experimental 
efforts  of  several  members  of  the  Plasma  Spectroscopy 
Section  at  NBS  were  needed  to  remedy  the  most  critical 
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situations.  Furthermore,  the  Coulomb  approximation  of 
Bates  and  Damgaard  [2]  was  extensively  applied  to  obtain 
additional  data.  Although  this  unforeseen  extra  work 
delayed  th?  publication  of  this  compilation  somewhat,  we 
feel  that  wt  are  now  able  to  present  a  more  useful  and  sub¬ 
stantial  collection  of  data. 


B.  SCOPE  OF  THE  TABLES 

In  the  present  compilation  the  “best”  available  transition 
probabilities  ’  of  allowed  (i.e.,  electric  dipole)  and  for¬ 
bidden  (i.e.,  electric  quadrupole  and  magnetic  dipole)  lines 
of  the  first  ten  elements,  including  their  ions,  are  tabulated. 
The  hydrogen-like  ions  are  excluded;  their  transition  prob¬ 
abilities  may  be  obtained  by  scaling  the  hydrogen  values 
according  to  the  formulas  given  in  table  I.  Furthermore, 
/-values  or  absorption  coefficients  for  continua,  i.e.,  bound- 
free  transitions  are  not  listed.  As  source  material  all  the 
literature  given  in  Ref.  [1]  plus  later  articles  obtained  from 
continuous  scanning  of  the  current  literature  are  available. 

It  is  our  opinion  that  a  tabulation  of  the  present  kind  must 
contain  fairly  reliable  values  for  at  least  all  the  stronger, 
characteristic  lines  of  the  various  ions  in  order  to  be  of 
general  usefulness.  We  have  tried  to  adhere  to  this  goal 
from  the  start.  More  specifically,  we  have  felt  that  for 
most  atoms  aitd  ions  at  least  the  “prominent”  half  of  (he 
multiplets  listed  in  the  “Revised  Multiplet  Table”  [3],  and 
the  “Ultraviolet  Multiplet  Table”  [4]  should  be  included  in 
the  tabulation,  and  uncertainties  should  be  smallet  than 
50  percent.  A  number  of  gaps  in  the  data  and  inferior 
values  were  noticed  at  the  start,  and  — as  already  men¬ 
tioned— it  has  been  largely  due  to  the  efforts  of  some 
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members  of  the  Plasma  Spectroscopy  Section  at  MBS  and 
the  availability  of  the  Coulomb  approximation  [2|  t hat  the 
most  glaring  defeets  could  he  eliminated.  Although  we 
still  must  compromise  in  some  eases  by  including  inferior 
material  (marked  in  the  accuracy  column  as  "K")  we  feel 
that  waiting  for  these  improvements  would  unduly  diday 
the  publication  of  the  table. 

Aside  from  this  objective  of  including  at  least  all  the 
stronger  lines,  we  have  listed  all  additional  available  mate¬ 
rial  with  uncertainties  smaller  than  50  percent.  Vie  have 
deviated  from  this  scheme  only  in  a  few  instances:  In  these 
cases  we  have  excluded  data  for  very  highly  excited  transi¬ 
tions,  because  these  transitions  have  never  been  observed 
(no  experimental  wavelengths  are  available)  and  are  of 
little  practical  interest.  However,  we  have  listed  this 
additional  material  by  spectrum  in  table  II. 

Most  final  tabulations  were  undertaken  during  1064. 
Thus  the  literature  through  1963  and  in  some  cases  even 
later  work  could  be  included.  However,  a  few  1963  articles, 
which  have  been  found  in  abstracting  journals,  came  to 
our  attention  too  late.  These  are  listed,  together  with  other 
recent  material,  in  the  list  of  additions  at  the  end  of  the 
tables. 

C.  REVIEW  OF  THE  DATA  SOURCES 

The  present  status  of  our  knowledge  of  atomic  transition 
probabilities  must  be  considered  as  being  far  from  ideal. 
The  available  material  leaves  much  to  be  desired  in  quality 
as  well  as  quantity  [5j.  This  becomes  especially  evident 
if  comparison  is  made  witii  the  other  most  important  quan¬ 
tity  of  a  spectral  line,  its  wavelength.  The  only  transition 
probabilities  known  with  an  accuracy  comparable  to  that 
for  wavelengths  are  available  for  hydrogen  and  hydrogen- 
like  ions  and  a  few  lines  of  helium.  For  all  other  elements 
more  i»r  less  reliable  values  have  been  obtained  from  various 
experimental  and  theoretical  approaches.  While  experi¬ 
mental  vourk  hu«  provided,  with  very  hiuh  accuracy,  prac¬ 
tically  all  the  data  for  the  wavelengths  of  lines,  it  could  not 
accomplish  nearly  the  same  in  the  ease  of  transition  prob¬ 
abilities,  The  measurement  techniques  are  quite  compli¬ 
cated  and  laborious,  and  it  has  proved  to  he  very  difficult 
to  obtain  accuracies  of  10  percent  or  better.  On  the  other 
hand,  advanced  theoretical  approximations  have  been  quite 
successful  for  the  light,  relatively  simple  atomic  systems, 
and  large  amounts  of  data  have  been  obtained  from  their 
applications.  But  the  theoretical  methods  have  the  short¬ 
coming  that  they  do  not  permit  estimates  of  the  size  of  the 
errors  as  do  the  experiments. 

In  view  of  this  reliability  problem  it  is  very  important  to 
discuss  in  detail  how  the  accuracy  ratings  lor  the  tabulated 
values  have  been  obtained.  For  this  purpose,  a  brief  dis¬ 
cussion  is  given  in  the  individual  introductions  for  each  ion. 
Furthermore,  to  provide  a  better  background  and  under¬ 
standing  for  these  short  explanations,  we  include  the  fol¬ 
lowing  discussion  of  those  major  experimental  and 
theoretical  methods  from  which  the  hulk  of  the  material 
lor  (he  lightest  ten  elements  has  been  obtained. 


1.  Experimental  Sources 

a.  Measurements  in  Emission 

Experimentally,  the  largest  number  of /-values  has  been 
obtained  from  measurements  of  tin*  intensities  of  spectral 
lines  which  are  emitted  from  plasmas  under  known  con¬ 
ditions.  With  this  method  the  first  and  second  spectra 


of  carbon,  nitrogen,  and  oxygen,  the  third  spectrum  ot  oxy¬ 
gen.  and  tin*  first  spectrum  of  neon  have  been  studied. 
Tin*  plasma  sources  arc  various  types  of  stabilized  arcs, 
ami.  to  a  lesser  extent,  shock-tubes.  In  brief,  the  method  |6] 
is  as  follows:  The  transition  probability  tor  spontaneous 
emission  from  upper  state  A  to  lower  state  /,  .*!*,,  is  related 
to  the  tola)  intensity  /*,  of  a  line  of  frequency  r,k  by 

hi  =~. —  AkihvikSk  (1) 

47T 

where  h  is  Planck's  constant  and  A \  the  population  of  state 
A.  Ai,i  may  therefore  he  obtained  from  the  measurement 
of  /*•*  and  the  determination  of  A*. 

The  experimental  conditions  are  chosen  so  that  the  plasma 
is  approximately  in  a  state  of  local  thermodynamic  equi¬ 
librium  (LTE),  because  A*  is  then  a  function  of  temperature 
and  to’.al  density  of  the  speeies  only,  and  may  he  determined 
from  the  application  of  equilibrium  and  conservation  equa¬ 
tions  and  measurements  of  the  temperature  and  electron 
density.  The  measurements  have  always  been  done  spec¬ 
troscopically  front  the  determinations  of  the  intensities 
of  lines  and  continua  of  known  transition  probabilities  and 
absorption  coefficients,  or  by  measuring  line  profiles  and 
utilizing  the  results  of  line  broadening  theory  in  plasmas. 

Checks  for  the  existence  of  LTE  have  been  made  re¬ 
peatedly.  It  appears  to  he  always  closely  approximated, 
except  in  the  high-temperature  magnetically  driven  shock- 
tubes  where  only  partial  LTE  exists  [7 j.  Also,  the  investi¬ 
gated  lines  have  generally  been  checked  for  self-absorption. 
A  dcinixing  effect  in  arcs  |8.  9)  has  introduced  uncertain¬ 
ties  into  the  results  of  some  earlier  are  experiments  with 
gas  mixtures,  in  which  the  mixture  ratio  was  employed 
for  the  analysis.  Since  primarily  the  densities  are  affected, 
larger  uncertainties  in  the  absolute  /  value  scale  are  likely, 
hut  the  relative  /-values  should  be  still  quite  act  urate. 
However,  this  efftc  1  has  Urn  imtnnvrnlid  fit  most  «d  the 
recent  arc*  experiments  used  for  this  data  compilation. 
Significant  errors  in  emission  exjwrimeiits  may  arise  from 
difficulties  in  determining  the  continuous  background,  from 
neglecting  intensity  contributions  of  the  distant  line  wings 
[10],  from  unc  ertainties  in  the  calibration  of  standard  light 
sources,  and  from  uncertainties  in  the  high-density  correc¬ 
tions  in  plasmas  [11).  Applications  of  wall-stabilized  arcs 
[12,  13J  have  given  the  most  accurate  results  of  all  emission 
measurements. 

The  best  absolute  /-values  obtained  from  emission  experi¬ 
ments  arc*  estimated  to  be  accurate  within  15  percent,  but 
for  the  bulk  of  the  tabulated  data  errors  between  20  to  50 
percent  must  he  expected.  It  should  finally  he  noted  that 
absorption  measurements  (only  one  is  encountered  in  the 
case  of  Ne  I)  are  quite  analogous  to  the  above  mentioned 
emission  experiments. 

h.  Lifetime  Determinations 

The  direct  measurement  of  lifetimes  of  excited  atomic* 
states  lias  important  applications  for  helium  and  neon. 
The  method  [6.  14]  employed  here  consists  essentially  of 
exciting  atoms  by  radiation  or  electron  impact  in  short 
bursts  and  of  observing  the  subsequent  depopulation  of 
excited  levels  by  studying  the  time  decay  of  the  emitted 
radiation  (delayed  coincidence  technique).  The  population 
A*  of  an  excited  state  k  dec  ays  according  to 

A*  =  N„, exp  (  —  ykt )  (2) 

where  A„. t  is  the  population  at  time  t  —  0  and  y*  the*  decay 
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constant.  Thus,  an  exponential  decay  in  the  radiation  is 
observed.  The  mean  lifetime  ta  =  yK. 1  of  t lie  atomic-  state-  is 
related  to  the  transition  probability  At,  lor  spontaneous 
emission  by 

7/,'  Ta,  +  Q  (.1) 

1 

neglecting  absorption  and  indueed  emission.  Q  denotes 
a  term  lor  e-ollisiniial  population  and  depopulation  rates. 
In  order  to  obtain  ^  one  has  to  choose  experimental 

i 

conditions  such  that  the*  e  ollisional  term  Q  (as  wc‘11  as  the 
lc*ss  critical  absorption  and  induced  emission)  becomes 
negligible.  This  condition  is  achieved  at  very  low  densities. 

It  i*.  seen  that  from  lifetime*  measurements  generally 
the  sum  of  all  prcdiabililies  for  transitions  to  lower  levels  i 
is  (detaine  d,  and  individual  transition  probabilities  may  lie 
obtained  explicitly  only  in  the  following  two  eases:  (al 
The  sum  reduc  es  to  a  single  term,  i.e„  only  transitions  to 
the  ground  state  are  possible*.  Ibis  is,  for  example,  the 
ease*  for  resonance  lines,  (b)  The  sum  is  dominated  by  one 
strong  term  (this  is  likely  if  it  contains  a  transition  of  com¬ 
paratively  high  frequency  I'n-iAn  is  proportional  to  ir)k), 
or  if  a!l  transitions  but  one  are  “forbidden ',  i.e.,  have  very- 
small  transition  probabilities).  Furthermore,  one  may  use 
lifetime*  experiments  to  normalize  available  relative  tran¬ 
sition  probabilities  to  an  absolute  scale,  if  all  relative  proba¬ 
bilities  contributing  to  the  sum  are  known. 

The  lifetime  method  is,  therefore,  limited  to  only  a  few 
lines  per  spectrum,  namely  those  originating  from  the  lowest 
excited  levels.  But  the  results  should  be  very  accurate, 
with  uncertainties  less  than  10  percent,  since  the  method 
is  simple  and  the  instrumentation  is  by  now  well  developed 
[14J.  The  major  uncertainties  arise  trom  radiative  cascad¬ 
ing  from  higher  levels,  which  repopulates  the  initial  level, 
and  from  cWpc*pu!atnm  by  voUishtm*. 


c.  Measurement  ol  /-values  from  tin*  Anomalous  Dispersion 
at  tile  Edges  of  Spectral  Lilies 

This  method  has  found  applications  for  lines  of  neutral 
lithium  and  neon.  It  is  based  on  the  following  relation: 
In  the  neighborhood  of  a  spectral  line  the  index  of  refrac¬ 
tion  n  varies  according  to 


ifik  Aj|  /  Nkg,\ 

477/71,C2  A  —  A„  \  Nigh) 


(4) 


Here  g  denotes  the  statistical  weight:  A  the  wavelength: 
Ni  the  population  of  the  lower  state  i:  and  e,  m, ,  c  are  the 
usual  natural  constants.  The  experimental  conditions  are 
chosen  such  that  the  excited  states  are  populated  according 
to  the  Boltzmann  formula,  so  that  generally  AV  <  <  A',-, 
and  the  term  Nhgi/Nigh  may  he*  neglected.  For  the  deter¬ 
mination  of  A'/, a-  the  index  of  refraction  n  at  the  wavelength 
distance  A  —  A0  from  the  center  of  the  line.  A().  has  to  be 
measured.  This  can  he*  done  most  precisely  with  the 
"hook"  method  developed  by  Rozhdestvenskii  [15)  and 
recently  reviewed  by  Penkin  [16|.  In  this  method  the  gas 
to  he  studied  fills  a  tube,  w  hic  h  is  part  (one  arm)  of  a  Jamin 
or  Maeh-Zehnder  interferometer.  The  tube  must  he  at  an 
elevated  temperature  to  achieve  sufficient  population  of  the 
excited  levels.  Light  from  the  continuum  source  pene¬ 
trates  the*  tube  as  well  as  an  evac  uated  comparison  tube  of 
the  same*  length,  and  the  resulting  interference  fringes  are 
sent  into  a  spectrograph.  On  either  side  of  an  absorption 


line  the  interference  fringes  are  characteristically  bent 
due  to  the  rapid  change  in  the  index  of  refraction.  By  intro¬ 
ducing  a  thick  glass  plate  into  the  compensating  arm  of  tile 
interferometer,  a  tilting  of  the  fringes  and  the  formation  of 
the*  honks  is  ac  complished.  The  measurement  oi  the  wave¬ 
length  distance  between  the  extrema  then  permits  a  precise 
determination  of  the  index  of  refraction.  In  the  three  ex¬ 
periments  encountered  lor  this  compilation,  the  absolute 
number  densities  for  the  lower  states  A’,-  could  not  he  deter¬ 
mined.  so  that  only  relative  /-values  for  lines  originating 
from  the  same  lower  levels  were  measured.  Uncertainties 
in  the  relative  values  should  not  exceed  10  to  20  percent. 
In  the  original  papers,  absolute  /-values  were  then  obtained 
from  applic  ations  of  the  Tlionias-Kuhn-Reiehe  /-sum  rule, 
hut  for  this  compilation  we  have  normalized  the  n  lative 
values  to  different  sc  ales,  which  are  based  on  other,  more 
accurate  material. 


2.  Theoretical  Sources 

a.  The  Coulomb  Approximation 

l  nder  the  assumption  of  Russell-Saunders  (or  LS-) 
coupling,  which  is  generally  very  well  fulfilled  for  the  first 
ten  elements,  the*  line*  strength  S’  may  he  expressed  as  tile* 
product  ol  three  factors  [2] 

S—  2('JJi)2(  Vkn2.  (5) 

(The  relations  of  S  with  A  and / are  given  in  table  111.)  The* 
first  two  factors  in  eej  (5)  represent  the  strengih  of  the  mul¬ 
tiple!  ( 2(9.V>)  and  the  fractional  strength  of  the  spectral 
line  within  the  muLiplet  (3(V)).  The  numerical  values  lor 
these  may  he  obtained  from  tables  by  Goldberg  [17),  and 
White  and  Eliason  [18],  which  have  also  been  reproduced 
by  Allen  [19], 

The  difficult  problem  is  tin  i  valuation  of  the  transition 
integral  o\  Bates  and  Damgaard  [2]  showed  that  for  most 
transitions  the  main  contribution  to  the  integral  comes  from 
a  region  in  which  the*  deviation  of  the  potential  of  an  atom 
or  ion  from  its  asymptotic  Coulomb  form  is  so  small  that  it 
may  be  replaced  by  the  latter.  Since  for  the  Coulomb 
potential  the  transition  integral  may  be  expressed  analyti¬ 
cally,  it  is  possible  to  calculate  er2  as  a  function  of  the  ob¬ 
served  term  value  and  the  azimuthal  cpianturn  number. 
Bates  and  Damgaard  have  thus  compiled  tables  with  nu¬ 
merical  values  of  o-2  for  s  —  p,  p~~d,  and  d—f  transitions.2 

The  Coulomb  approximation  is  restricted  to  transitions 
between  levels  having  the  same  parent  term.  It  gives  the 
best  results  if  the  degree  of  cancellation  in  the  transition 
integral  is  small,  i.e.,  if  o-2  is  not  too  close  to  zero,  and  if 
the  upper  and  lower  levels  of  the  excited  electron  are  in  a 
shell  which  contains  no  other  electrons.  This  is  true  for 
the  moderately  and  highly  excited  levels.  But  even  if  the 
lower  level  is  in  a  shell  which  contains  other  electrons,  the 
results  often  agree  fairly  well  with  those  obtained  by  other 
methods. 

On  the  whole,  the  Coulomb  approximation  has  given 
impressive  results  and  has  proved  to  be  of  great  value.  In 
most  cases  where  comparisons  are  available —  there  are 
several  hundred  of  them  for  the  first  ten  elements  — the 
results  agree  within  20-40  percent  with  those  from  advanced 
theoretical  and  experimental  methods.  We  have  therefore 
made  extensive  use  of  this  approximation  3  to  supplement 
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-1  W  ••  have  hern  fnrtu  into  in  ohl.unmg  a  computer  program  for  tin*  calculation  of  Hat;**  Damgaanl 
'allies  | r»m  11.  K.  Cm  in  to  whom  we  would  like  to  t-xprrs-  our  special  thanks. 
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the  available  material.  However,  we  have  restricted  our¬ 
selves  to  the  medium-strong  oi  stronger  lines  (as  judged 
from  the  intensity  data  supplied  in  the  multiple!  tables)  for 
which  experimental  wavelength  and  energy  level  data  are 
available  and  for  which  the  lower  stale  is  significantly  above 
the  ground  state.  If  the  need  for  /-values  of  other  higher 
excited  lines  should  arLe,  we  strongly  recorr  mend  the  appli¬ 
cation  of  the  Coulomb  approximation. 

On  the  basis  of  many  comparisons,  the  uncertainties  of 
the  Bates-Damgaard  values  have  been  estimated  as  follows: 
For  transitions  between  excited  states  in  the  spectra  of 
neutral  helium,  lithium,  beryllium,  boron,  and  their  isoelee- 
tronic  sequences  they  do  not  exceed  25  percent  and  in 
favorable  situations  may  be  as  low  as  10  percent.  For  the 
more  complex  atoms  among  the  first  ten  elements,  namely 
carbon,  nitrogen,  oxygen,  fluorine,  and  their  equivalent  ions, 
we  have  estimated  the  uncertainties  to  be  within  50  percent 
for  the  moderately  excited  transitions  including  3a  — 3p  and 
within  25  percent  for  the  medium  and  highly  excited  lines, 
i.e.,  transitions  of  the  types  3p  —  3d,  3d  — 4/,  etc.  A  few 
of  the  tabulated  values  may  be  much  more  uncertain  than 
the  stated  error  limit  because  of  cancellation  in  the  transi¬ 
tion  integral  which  we  did  not  check  in  each  case. 

It  is  worth  noting  that  in  many  instances  the  results  of 
the  Coulomb  approximation  appear  to  be  as  good  as  those 
from  other,  more  elaborate  theoretical  treatments,  such  as 
the  self-consistent  field  approximation  with  exchange. 
This  is  primarily  indicated  from  comparisons  with  the  most 
advanced  theoretical  and  experimental  methods. 

b.  Calculations  Based  on  the  Self-Consistent  Field  (SCF) 
Approximation 

This  method  has  found,  in  varying  degrees  of  refinement, 
widespread  use  for  the  calculation  of  /-values.  It  provides 
a  set  of  wave  functions  for  the  atomic  electrons  which 
produce  an  approximately  self-consistent  electric  field. 
Thr  transition  proliahilitirs  are  then  determined  by  inte¬ 
gration  over  the  radial  parts  of  these  wave  functions.  A 
short  outline  of  the  procedure,  developed  by  Hartree.  and 
extensively  described  by  him  [20],  is  given  below: 

It  is  assumed  that  the  charge  density  distribution  of  the 
atomic  system  is  spherically  symmetric,  i.e.,  the  potentials 
of  the  electrons  depend  only  on  their  radial  positions. 
Correlations  between  the  electrons  are  at  first  neglected; 
all  are  supposed  to  move  independently  in  the  central  field, 
experiencing  only  the  averaged  charge  distribution  of  the* 
other  electrons  and  the  nucleus.  With  these  simplifica¬ 
tions  the  motions  of  the  individual  electrons  can  he  calcu¬ 
lated  by  assuming  trial  wave  functions  for  the  others,  and 
front  the  resulting  wave  functions  the  charge  density  distri¬ 
bution  is  computed  and  n.mpaTed  with  tin  initial  olii 
obtained  with  the  trial  functions.  If  self-consistency  is  not 
achieved,  the  new,  computed  wave  fum 'turns  are  used  as 
trial  functions,  and  the  procedure  is  repeated  until  initial 
and  final  charge  distributions  arc  identical,  i.e.,  the  field 
is  self-consistent 

This  basie  procedme  was  improved  by  Fork  (21 1,  who 
included  exchange  effects  between  the  electrons,  by  Trefftz 
et  al.  1 22],  and  Bicrmann  and  Liibeck  [23]  who  in  the  special 
cases  of  He  I  and  (’ll  took  into  account  other  correlations 
between  the  electrons.  More  recently,  large-scale  computa¬ 
tions  were  made  possible  after  the  int  rod  net  ton  of  elaborate 
computer  programs  by  Roothaan  and  co-work  ers  (24). 

An  assessment  of  the  errors  resulting  from  the  various 
approximations  in  the  calculations  has  not  been  feasible. 
But  a  number  of  comparisons  with  experimental  results  and 
with  more  accurate  variational  calculations,  as  well  as  con¬ 


sistency  checks  made  In  applying  I  In*  dipole  length  ami 
dipole  velocity  representations  of  the  matrix  element  have 
shown  that  for  simple  atomic  -.y-tem-  accurate  transition 
probabilities  with  uncertainties  smaller  than  1.0  percent  may 
be  < Attained  when  a  refuted  procedure  itwludiug  exchange 
effects  is  applied.  This  is  particularly  true  for  lie  I  and 
l.i  t  and  their  isoelcctroiiie  sequences,  for  which  the  exti  n 
she  calculations  by  Weiss  [25 J.  and  Trefftz  et  al  |22|  are 
available.  Tin*  large-scale  computations  by  Kelly  [2()|  for 
lines  of  nitrogen  and  oxygen  contain  the  exchange  effects 
only  in  an  approximate  way  (the  exchange  term  is  replaced 
by  an  averaged  potential)  and  errors  of  about  20  percent 
must  be  expected  lor  most  of  the  moderately  excited  traiisi 
lions  as  judged  from  many  comparisons.  In  a  few  eases, 
the  positive  and  negative  contributions  to  the  transition 
integral  are  almost  equal  to  each  other  (the  ratios  are  listed 
by  Kelly):  i.e.,  cancellations  are  encountered  and  a  much 
lower  accuracy  must  he  expected.  In  these  cases  we  hate 
given  preference  to  available  experimental  results. 

For  the  breakdown  of  the  transition  integrals  into  multiplet 
and  line  values  we  have  used  the  LS-coupling  strengths 
(19)  unless  special  results  have  been  available,  as  lor  ex¬ 
ample  for  0  It.  We  have  generally  avoided  using  SCF 
calculations  if  they  were  done  without  considering  exchange 
effects,  hut  have  had  to  make  an  exception  for  some  impor¬ 
tant  lines  of  B  !  because  no  other  comparable  material  is 
d\  tillable. 

Large  uncertainties  in  the  SCF  calculations  as  well  as 
other  theoretical  treatment*  are  expected  for  transitions 
where  configuration  interaction  becomes  important,  ror 
the  first  ten  elements  these  transitions  are  of  the  type 
ls22s"'2p"-*  ls22sm  '2pnH.  Only  a  few  attempts  have  yet 
been  made  to  take  configuration  interaction  into  account. 
Very  recently,  Weiss  [27 )  has  undertaken  limited  calcula¬ 
tions  for  some  Ci  and  Bel  lines  and  Yutsis,  Bolotin  and 
co-workers  have  for  some  time  employed  a  “many  config¬ 
uration  approximation."  a*  they  call  it.  The  Russian 
group  has  greatly  simplified  its  approach  by  including  only 
one  interacting  term  for  |lw-  lower  stale,  which  is  always 
the  ground  state  (“double  configuration  approximation") 
and  none  for  the  upper  state.  In  addition  to  this  simpli¬ 
fication.  relatively  crude  wave  functions  have  been  em¬ 
ployed,  namely  analytical  one -electron  wave  functions  or 
SCF  functions  without  exchange.  Unfortunately,  |»  he¬ 
lically  all  these  transitions  are  in  the  far  ultraviolet;  only 
two  experimental  invest igatimis  by  iinhll  (29|  ami  I  almlm 
[30),  both  done  with  a  wall-stabilized  are,  are  available  for 
a  detailed  comparison.  From  the  experimental  results  one 
must  judge  that  the  success  of  the  many-configuration 
method  in  its  present  form  is  only  fair.  Errors  of  factors 
of  two  ot  inoie  must  lit  expected.  This  seems  to  he  also 
the  case  for  Weiss*  somewhat  more  elaborate  treatment  of 
ewtfigwrrtbm  interaction  tup  ti»  three-  interacting  terms  b« 
the  lower  state).  Thus,  the  transition  probabilities  for  the 
ls22sm2pn— » l.r22sm  '2p"+1  transitions  are  among  the  least 
well  known  for  the  lightest  ten  elements,  and  further  im¬ 
provements  for  these  lines  are  urgently  needed. 

c.  Quantum  Mechanical  Calculations  of  Forbidden  Tran¬ 
sitions 

Wc  have  considered  as  forbidden  lines  all  magnetic  dipole 
and  electric  quadrupole  lines.  The  extensive  calculations 
by  Garstang  [31,  32,  33)  and  Naqvi  [ 34],  and  — to  a  lesser 
extent  — the  papers  by  Seaton  and  Osterbrock  [35 j.  Yam- 
anouchi  and  Horie  [36J,  and  Ufford  and  Gilmour  [37|,  have 
been  principal  sources.  AH  these  calculations  have  as  a 
common  stalling  point  the  general  expressions  lm  the  line 
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strengths  ot  iorhiddeu  lines  in  the  p2,  p3,  and  p 4  configura¬ 
tions,  which  were  given  algebraically  and  tabulated  by  Short- 
lev  el  al.  |3H|.  and  latei  extended  by  Naqvi  to  lbe  few 
iia.isitioiis  id  the  sp.  p.  and  p'  configuration)-. 

1  he  principal  differences  between  the  various  calculations 
are  the  approaches  chosen  to  determine  the  most  important 
parameters: 

lal  The  “spin-orbit and  “spin  spin  and  spin-other-orbit” 
integrals,  usually  designated  by  £  and  tj,  have  been  deter¬ 
mined  either  empirically  or  by  using  available  wave  func¬ 
tions.  Gc’rstang  has  compared  the  empirical  and  theoretical 
values  for  some  ion  -  the  lattef  obtained  from  SCF  luni  lions 
with  exchange  — and  has  found  differences  of  up  to  20  per¬ 
cent  bn  £  and  up  to  3"  percent  (or  r(.  When  a  clioice  is 
available,  we  have  given  preference  to  the  empirical  values. 

lb)  The  term  intervals.  Here  one  has  the  choice  he- 
tween  using  exclusively  experimental  energy  values  or 
combining  some  of  these  with  the  results  of  the  Slater 
theory  (39]  for  inter-uiultiplet  separations,  that  is,  hy  employ¬ 
ing  the  Slater  parameters  F>.  Differences  hetween  the 
two  approaches  arise  mainly  due  to  the  effects  of  configura¬ 
tion  interaction.  These  are  neglected  in  all  calculations 
and  may  cause  deviations  up  to  a  factor  of  two.  A  study 
by  Garstang  (40]  in  1956  led  to  the  result  that  the  exclusive 
use  of  observational  material  partially  includes,  at  least 
in  simple  cases,  the  effects  of  configuration  interaction, 
when  the  latter  is  otherwise  not  taken  into  account.  Thus 
the  work  based  on  experimental  term  intervals  has  been 
adopted  whenever  available. 

Naqvi  used  in  his  calculations  essentially  the  second  of 
the  above-mentioned  approaches.  He  compared  empiri¬ 
cally  determined  Slater  parameters  F>  for  the  various  term 
intervals  with  theoretically  derived  values,  and  selected 
the  one  experimental  parameter  which  was  in  best  agree¬ 
ment  with  theory.  Then  he  employed  this  particular  Ft 
and  the  Slater  theory  for  the  determination  of  all  other  term 
intervals.  In  view  of  the  above  mentioned  study  by  Gar- 
stang  we  have  used  from  Naqvi’s  work  only  the  transition 
probabilities  based  entirely  on  this  initial  parameter,  i.e., 
based  exclusively  on  observational  material.  Consequently, 
his  data  for  the  p3  configuration  have  not  been  applied, 
with  the  exception  of  the  ion  F  III,  since  in  this  case  his 
work  was  the  only  available  source.  On  the  other  hand, 
Naqvi’s  calculations  for  the  simpler  sp-configuration  are 
all  based  on  the  empirical  value  for  the  one  term  interval 
there  and  should,  therefore,  take  the  effects  of  configuration 
interaction  partially  into  account. 

(c)  Transformation  coefficients.  The  atoms  and  ions 
under  consideration  are  most  closely  represented  by  the 
intermediate  coupling  scheme,  but  for  the  calculations  of 
transition  probabilities  the  actual  wave  functions  are  more 
conveniently  expressed  in  terms  of  LS-coupling  wave  func¬ 
tions.  The  transformation  coefficients  were  first  derived 
by  Shortley  et  al.  ]38]  and  were  later  refined  by  several 
others,  in  particular  by  Naqvi  [34].  Thus,  Naqvi’s  results 
have  been  adopted  whenever  the  choice  of  the  transforma¬ 
tion  coefficients  became  important  and  when  he  accounted 
for  the  effects  of  configuration  interaction  in  the  above- 
mentioned  manner.  It  is  especially  worth  noting  that  by 
including  the  effects  of  spin-spin  and  spin-other-orbit  inter¬ 
actions  on  the  transformation  coefficients  of  the  p4  con¬ 
figuration  some  results  are  improved  by  about  10  percent. 

td)  The  integral  s,,  for  electric  quadrupole  transitions. 
This  depends  principally  on  the  quality  of  the  employed 
wave  fumthwis.  Vic  have  preferred  calculations  with  SCF 
wave  functions  over  those  with  hydrogenic  functions  or 


screening  constants  and,  among  SCF  calculations,  we  have 
preferred  those  with  exchange  effects  included  over  those 
without  exchange.  The  improvement  with  SCF  wave  func¬ 
tions  is  estimated  to  be  ul  the  order  id  20  percent.  In  gen¬ 
eral,  the  electric  quadrupole  transitions  are  not  as  accurate 
as  the  magnetic  dipole  values  for  transitions  of  the  same  ger, 
era!  type  because  of  the  additional  uncertainty  in  the  deter¬ 
mination  of  sq.  This  uncertainty  should  generally  be  in 
the  neighborhood  of  20  percent. 

A  good  assessment  of  the  uncertainties  in  the  calculated 
values  for  forbidden  lines  is  possible  due  to  the  fortunate 
circumstance  that  some  forbidden  lines  of  O  I  have  been 
determined  experimentally .  These  lines  appear  strongly 
in  the  aurora,  which  has  been  utilized  as  a  ‘  ‘light  source”. 
The  transition  probabilities  could  he  accurately  determined 
via  a  measurement  of  the  lifetimes  of  the  upper  atomic 
states.  Extensive  auroral  observations  by  Omlndt  [41] 
gave  tor  the  !D  —  'S  transition  a  tiansition  probability  of 
1.43  see-1,  while  the  best  calculated  value  is  1.25  sec-1. 
For  another  case,  namely  the  lifetime  of  the  'D  state,  the 
averaged  experimental  result  is  approximately  160  sec,  while 
the  theory  gives  135  sec. 

The  theoretical  transition  probabilities  involved  in  this 
comparison  depend  sensitively  on  the  choice  of  some  param¬ 
eters,  particularly  sv  and  £.  The  good  agreement  with  the 
observations  indicates  that  uncertainties  no  greater  than  25 
to  50  percent  have  to  be  generally  expected. 

For  a  number  of  magnetic  dipole  transitions,  the  uncer¬ 
tainties  should  be  even  smaller,  since  the  results  are  almost 


independent  of  the  choice  of  the  parameters.  In  the  p2  and 
p4  configurations  these  are  the  transitions  3P2  — :,Pi  and 
3Pi— 3Po,  which  have,  near  LS-coupling,  the  strengths  of  2 
and  2.5  respectively.  In  the  p3  configuration  one  encounters 
the  transitions  2P£»2  —  2P?<2  with  a  strength  of  1.33  and  the 
transition  2D°)/2  — 2D3,2  with  a  strength  of  2.4,  again  near  LS- 
coupling.  For  ali  these  lines  the  effects  of  configuration 
interaction  and  deviations  from  LS-eoupling  do  not  enter 
sensitively  into  the  results.  Thus,  these  transitioi.  proba¬ 
bilities  should  be  considered  accurate  to  within  10  percent, 
while  all  other  magnetic  dipole  lines  are  uncertain  within 
about  25  percent. 

Analogously,  the  transition  probabilities  for  a  number  of 
electric  quadrupole  lines  depend  essentially  only  on  the 
quadrupole  integral  sv.  These  are  the  transitions  'So- 'Da, 
3P2  —  3Pi,  and  3P»  —  3P»  for  the  p2  and  p4  configurations  and 
2D?/2-2P;/2,  2p5„-2P5/2, 2D°/2-2P?/2,  and  24%  -2^2  for  the 
p3  configuration.  Within  a  given  spectrum  these  should 
be  the  best  available  quadrupole  lines  and  they  have  been 
estimated  to  be  accurate  within  25  percent,  while  the  rest 
of  the  quadrupole  transitions  should  be  accurate  within  50 
percent.  On  the  whole,  electric  quadrupole  lines  have  been 
rated  to  be  of  lower  accuracy  than  magnetic  dipole  lines, 
since  the  uncertainties  in  the  quadrupole  integral  must  be 
added  to  the  other  uncertainties  already  present  for  the 
magnetic  dipole  lines. 

Further  details  on  the  calculations  of  forbidden  line 


strengths  may  be  found  in  the  recent  review  article  by 
Garstang  [42]. 


D.  METHOD  OF  EVALUATION 

We  shall  now  discuss  the  general  steps  in  the  evaluation 
of  the  data:  Th*  literature,  as  taken  front  the  files  of  our  data 
center,  has  first  been  screened  for  outdated  and  superseded 
material,  Tlir  remaining  articles  have  then  been  indi¬ 
vidually  studied  and  the  results  collected  in  comparison 
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tables.  Additional  values  have  been  computed  by  employ¬ 
ing  the  Coulomb  approximation  by  Bates  and  Damgaard  (2j 
whenever  this  has  been  considered  necessary  and  useful. 
When  large  discrepancies  or  odd  values  have  appeared 
in  the  comparison  tables ,  we  have  searched  for  likely  sources 
of  numerical  errors,  and  have  also  communicated  in  many 
instances  with  the  respective  authors. 

The  evaluation  and  final  selection  of  the  sets  of  best 
\alues  dep<  nds  so  much  on  the  particular  material  available 
for  each  ion  that  the  main  justifications  for  the  selections 
has  to  be  delegated  to  the  individual  introductions.  Only 
a  few  general  rules  on  the  selection  may  be  given  now: 

Thus,  self-consistent  field  calculations  with  exchange 
effects  have  been  regarded  as  superseding  those  not  in¬ 
cluding  these  effects^;  the  Coulomb  approximation  is  gen¬ 
erally  not  employed  when  the  transition  is  very  far  from 
being  hydrogen -like,  e.g.,  when  the  lower  state  is  the  ground 
state  or  when  it  contains  two  or  more  electrons  of  the  same 
principal  quantum  number;  experiments  employing  photo¬ 
electric  techniques  are  preferred  over  similar  experiments 
utilizing  photographic  detection;  measurement*  with  wall- 
stabilized  arc  sources  are  considered  superseding  analogous 
measurements  with  fluid-  or  gas-stabilized  arc  sources  be¬ 
cause  of  the  stability  problems  of  the  latter.  For  forbidden 
lines,  the  calculations  based  on  empirical  term  intervals 
are  preferred  to  those  based  on  the  Slater  theory  for  inter- 
multiplet  separations,  since  a  theoretical  study  [40]  shows 
that  the  effects  of  configuration  interaction,  which  are  often 
important,  are  at  least  partially  taken  into  account  by  the 
first  approach. 

When  several  methods  of  comparable  quality  are  avail¬ 
able,  the  results  are  averaged  to  obtain  the  best  value.  If 
one  method  appears  clearly  better  than  the  others,  only 
those  results  are  employed. 

The  final  step  in  the  evaluation  is  the  estimate  of  the 
uncertainties.  At  the  present  status  of  our  knowledge,  we 
find  it  impossible  to  assign  specific  numerical  error  limits 
to  each  transition.  Instead  wt*  havt  introduced  a  classifit  a- 


tion  scheme 

with  several  <  lasses  of  accuracy. 

and  assi 

each  transit  ion  probability  to  a  certain  claw 

W  e  have 

the  following 

arbitrary  notation: 

AA. 

1% 

A... 

. do . 

3% 

B... 

. do . 

10% 

C... 

. do . 

25% 

D... 

50% 

E... 

50% 

The  word  uncertainty  is  being  used  in  the  meaning  “extent 
of  possible  error"  or  “possible  deviation  from  the  true 
value".  We  are  aware  that  this  is  far  from  being  a  precise 
definition  of  error,  but,  considering  the  multitude  of  ap¬ 
proaches  to  the  error  discussions  in  the  various  papers 
(or  the  lack  of  them),  it  seems  impossible  to  find  a  better 
common  denominator.  I  neertainties  of  class  "AA  i.c.. 
values  that  are  essentially  exact,  arc  found  only  in  hydrogen 
and  a  few  transitions  of  helium,  (ioing  to  the  other  ex¬ 
treme,  we  have  included  class  "E"  data,  i.e.,  very  uncer¬ 
tain  values,  only  in  those  special  cases,  when  for  the  most 
important  and  most  characteristic  lines  of  a  spectrum  no 
better  data  are  available,  so  that  otherwise  these  lines  would 


4  Fortunately.  most  ot  the  tr  i  wrlf-i  onM^lent  hrltl  calculations  include  exchange  effects  in 
varying  degrees  o|  refinement. 


have  to  be  omitted.  Occasionally,  we  have  made  a  lurther 
differentiation  iti  the  classification  scheme  by  assigning 
plu*  or  minus  signs  to  some  transitions.  This  serves  to 
indicate  that  these  lines  are  significantly  better  or  worse 
than  the  average  values,  but  do  no  quite  belong  into  the 
next  higher  or  lower  class.  They  should  he  therefore  the 
first  or  last  choice  among  similar  lines. 

Since  the  theoretical  treatments  essentially  do  not  permit 
error  estimates  per  se,  these  have  to  he  obtained  from 
comparisons  with  experimental  and  other  theoretical 
determinations  or  from  genera!  consistent  y  checks,  such  as 
applications  of  /-sum  rules,  etc.  \  few  rather  audacious 
extrapolations  have  bad  to  be  undertaken,  win  n  no  reliable 
comparison  material  was  available.  On  the  other  hand,  the 
errors  given  by  the  experimentalists  are  sometimes  only 
indications  of  their  precision,  and  no  allowance  is  made  for 
systematic  errors.  Therefore,  we  have  generally  been  more 
conservative  with  our  error  estimates,  and  hope  that  we 
have  arrived  at  a  realistic  and  consistent  error  presentation. 

K.  AKR  WCEVIKAT  AM)  EMM.  \\ ATI()\  OK 
COl.l  VI  \S 

We  have  adopted  the  present  arrangement  of  the  tables 
after  consulting  with  a  number  of  pbv-.ieists  working  in 
three  fields  from  which  — it  is  anticipated  — most  of  the  users 
of  this  compilation  will  come,  i.e.,  spectroscopy,  astrophys¬ 
ics,  and  plasma  physics. 

feel  that  of  the  multitude  of  units  in  which  transition 
probabilities  are  expressed,  the  adopted  combination  of  the 
transition  probability  for  spontaneous  emission  Am  (in  sec  :). 
the  absorption  oscillator  strength  /*  (dimensionless),  tin- 
log  gf  (a  further  discussion  of  the  statistical  weight  g  i* 
given  in  Appendix  B)  and  the  line  strength  S  (in  atomic  units) 
gives  a  very  adequate  representation.  The  other  units  are 
either  not  commonly  used  or.  in  ease  of  gf  and  g.  l,  may  be 
obtained  by  simply  multiplying  two  columns  of  the  table. 
The  units  that  are  only  occasionally  tt-cd  aft-: 

1.  The  transition  probability  of  absorption  #,a  (/  =  lower, 

upper  *i  mi ••  i  which  i*  related  to  It  ,  by 

#,*  =  6.01  A3  ^  A  A-,  (6) 

(X  is  the  wavelength  in  \rigstmm  units,  and  g,.  gi. 

are  the  statistical  weights,  further  discussed  in 

Appendix  B) 

2.  The  transition  probability  of  induced  emission  Bki, 

which  is  related  to  Am  by 

Bk,  =  6.01  A3  Am.  (7) 

3.  The  emission  oscillator  strength  which  is  related 

to  the  absorption  oscillator  strength  /,*  by 

(B) 

In  addition,  some  authors  have  introduced  still  other 
quantities,  but  these  have  not  found  general  acceptance 
and  will  not  be  considered  further. 

The  conversion  factors  between  the  tabulated  quantities 
Am,  fik,  and  S  are  listed  in  table  111.  as  reproduced  from 
reference  [1],  (For  the  ease  of  hydrogen,  we  have  employed 
the  reduced  mass  and  other  appropriate  constants  in  tin- 
conversion  factors.) 
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Tlu  ‘’moral  arrangement  of  flit*  tables  affording  to  in¬ 
creasing  atomic  number  and  stage  of  ionization  needs  no 
further  comments.  The  material  for  t he  individual  ions 
is  further  subdivided  into  sections  for  showed  (electric 
dipole)  and  forbidden  transitions.  As  forbidden  transi¬ 
tions  wc  have  considered  all  magnetic  dipole  and  electric 
quadrupole  lines.  Intercombination  lines,  although  they 
arc  forbidden  in  the  case  of  pure  /..S  eoupling,  are  listed 
under  allowed  transitions,  since  they  are  electric  dipole 
transitions. 

The  tabulations  for  each  ion  start  out  with  listings  of  the 
ground  state  configuration  and  the  ionization  potential, 
both  taken  front  ref.  [43|.  In  all  ease-,  where  we  have 
tabulated  more  than  20  allowed  lines  per  ion,  wc  have  then 
assembled  a  ''finding  list."  i.e..  we  have  arranged  tie*  lines 
in  order  of  increasing  wavelength  and  indicated  their  po¬ 
sition  in  the  main  tables  — which  are  arranged  according 
to  spectroscopic  notation  — bv  listing  their  running  numbers. 
The  latter  are  given  in  front  of  the  spectroscopic  notation 
in  the  tables.  These  finding  lists  should,  for  many  appli¬ 
cations.  permit  one  to  mid  out  quickly  which  fines  are  cov¬ 
ered  in  the  present  tabulation. 

Fach  table  is  then  preceded  by  a  short  introduction 
containing  in  brief  the  major  reasons  which  have  led  to  the 
selection  of  the  presented  data  and  tfieir  classification  in 
terms  of  accuracy.  This  is  followed  by  a  reference  list  of 
the  selected  articles. 

It  remains  to  discuss  the  columns  of  the  main  tables:  The 
first  pa rt  of  the  tables  contains  data  connected  with  the 
identification  of  lines,  i.e..  spectroscopic  notation,  wave¬ 
length.  and  energy  levels.  All  these  data  have  been  taken 
from  the  compilations  by  Mrs.  Moore-Sitterly.  i.e.,  the  "Re¬ 
vised  Multiple!  Table”  [3).  the  "Ultraviolet  Multiple!  Ta¬ 
bles"  |4).  and  "Atomic  Energy  Levels,"  Yol.  1,  and  addenda 
in  Vols.  II  and  111.  recent  reports  of  the  Triple  Commission 
for  Spectroscopy  [44|,  and  from  newer  material  generously 
furnished  by  her.  All  designations,  as  usual,  are  written 
in  terms  of  the  absorption  process,  i.e.,  the  lower  (initial) 
state  first,  for  the  classification  of  the  lines  we  have 
employed  the  standard  spectroscopic  notation  for  LS- 
toupling.  with  the  ext tqrtitm  of  Net.  where  we  have  used 
the  .//-coupling  notation,  all  in  accordance  with  the  above 
mentioned  "Atomic  Energy  Levels"  tables.  In  listing 
the  transition  arrays,  we  have  presented  only  the  electrons 
in  the  unfilled  shells.  Furthermore,  to  distinguish  between 
the  different  supcrmultiplets.  we  have  inserted  the  parent 
terms  in  the  notation.  If  they  are  given  only  once,  as  is 
generally  the  case,  then  no  change  occurs  from  lower  to 
upper  state. 

For  all  spectra  with  pronounced  multiplet  structure,  i.e., 
for  Re  l  through  Ne  t  and  their  isneleetronie  sequences,  we 
have  arranged  the  lines  according  to  a  configurational  order: 
They  are  grouped  to  multipiets.  snpermultiplets,  transition 
arrays,  and  irtrieusnrg  quantum  numbers.  Within  the 
transition  arrays,  the  multipiets  arc  in  order  of  increasing 
lower  energy  level*.  1-tdividral  Urn  s  within  tin  mufifidets 
are  listed  whenever  the  total  wavelength  spread  amounts  to 
more  than  0.0 f  percent.  T!  is  arrangement  is  convenient 
for  the  application  of /-sum  rules'’  and  to  the  similar  one  used 
in  the  "Revised  Multiplet  Table"  |3|  and  "l  lira  violet  Multi- 
plet  1  allies  [4 1.  \t  first  wo  attempted  to  copy  ami  extend 
these  older  arrangements,  but  this  would  have  meant  that 
many  new  multipiets  bad  to  be  inserted.  Therefore,  we 
abandoned  this  plan.  W  e  have,  however,  made  reference  to 


If  *Ihhi!<I  be  mentioned,  tint  lor  allowed  transition-  tbe  strengths  N  nl  line*  in  a  multiplet  add  up 
to  tin  total  multiplet  strength  t  re  also  appendix  Hi  and  that  lor  forbidden  transition*  the  total 


the  two  multiplet  lists  by  including  the  multiph  t  numbers 
in  the  piesent  tabulation.  The  numbers  are  given  in  paren¬ 
theses  inid'-r  the  multiplet  designation.  The  letters  “mi 
are  added  it  the  numbers  are  from  the  “Ultraviolet  Multiplet 
Tables." 

For  the  He  !  isoelect ronic  sequence  wc  have  changed  the 
arrangement  slightly  by  listing  the  singlets  ami  triplets 
separately . 

For  hydrogen  we  have  made  several  changes  in  the  ar¬ 
rangement  to  adapt  he  tables  to  the  very  divergent  applica¬ 
tions  in  theory  and  experiment:  The  tables  are  split  into 
four  separate  parts:  In  Janie  A  we  list  the  “average”  transi¬ 
tion  probabilities,  etc.,  for  the  transitions  between  lower 
state  of  principal  quantum  number  «/  and  upper  state  ri/,. 

These  are  defined  by  the  following  relations: 


2/a  +  1  t 

-  Z  .. 2 
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(9) 

_  2/,  +  1  r 

X - 7, —  jUilij.  (lll)k 

I  I.  n- 

(10) 

CO 

Hi 

il 

(11) 

These  "average"  values  are  applicable  to  most  problems 
in  plasma  spectroscopy  and  astrophysics.  This  is  due  to 
the  circumstance  that  states  with  the  same  principal  in). 
but  different  orbital  (/)  quantum  numbers  fall  practically 
together  (“degeneracy"),  so  that  only  a  single  line  is  observed 
for  all  the  possible  combinations  between  states  of  different 
principal  quantum  numbers.  The  only  assumption  entering 
into  the  application  of  "average"  values  is  that  tile  atomic 
substates  must  be  occupied  according  to  their  statistical 
weights  [45J.  The  above  assumption  is  fulfilled  for  any 
reasonably  dense  plasma,  where  the  excited  atoms  undergo 
many  collisions  during  their  lifetimes. 

In  table  B  the  probabilities  for  transitions  between  the 
various  sublevels  (nl),—(nl) a  arc  listed.  This  table  should 
be  useful  primarily  for  theoretical  applications.  Tables 
C  and  D,  finally,  contain  the  most  important  fine  structure 
\{nlj)i  —  (nljk]  and  hyperfine  structure  lines  ((«///),  —  <«///)*] 
of  hydrogen  (/-  inner  or  total  electronic  angular  momentum 
quantum  number; /=  total  atomic  angular  momentum  quan¬ 
tum  number).  For  these  two  special  tables  we  have  made 
a  further  change  by  presenting  frequencies  and  energy 
differences  rathe  than  the  usual  wavelengths  and  energy 
levels. 

In  all  other  tables,  the  energy  levels  are  given  (in  units 
of  cm-1)  relative  to  the  ground  state  with  £n  =  0.  We  have 
^limited  the  numeiical  values  to  six  digits  which  should  he 
■more  than  sufficient  for  all  applications.  The  same  limita¬ 
tion  was  imposed  on  the  wavelengths. 

,  In  a  number  of  cases  we  have  had  to  calculate  wave¬ 
lengths  from  energy  level  differences.  These  are  given  in 
brackets  to  distinguish  them  from  the  presumably  more 
accurate  observed  material.  However,  hydrogen  is  an 
obvious  exception.  Also  given  in  brackets  are  all  energy 
levels  which  are  not  derived  from  the  analysis  of  spectra, 
but  are  extrapolated  or  obtained  from  approximate  wave 
function  calculations.  We  have  included  in  this  category 
those  energy  levels  derived  from  observational  material 
that  are  shifted  by  an  unknown  amount  indicated  by  an 
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“x"  or  “y”  in  ref.  (43].  Those  calculated  or  extrapolated 
values  which  we  expect  to  be  quite  uncertain  have  been 
indicated,  in  addition  to  the  brackets,  by  a  question  tnaTk. 

The  averaged  energy  levels  Ibr  a  multiple!  have  been 
obtained  by  weiglitiug  the  cmnpunent  levels  according  Ur 
their  statistical  weights,  and  the  multiplet  wavelength  is 
calculated  from  the  averaged  energy  levels,  taking  the  re¬ 
fraction  of  air  into  account  lor  wavelengths  longrr  than  2tHH) 
A  [42].  These  averaged  values  are  indicated  by  italics. 

The  statistical  weights  g  have  been  included  in  this  tabu¬ 
lation  because  of  their  importance  in  applications  involving 
line  intensities.  They  have  been  obtained  from  the  inner 
quantum  numbers  J  listed  in  the  "Atomic  Energy  Levels" 
by  applying  the  relations  given  in  Appendix  B 

The  second  part  of  the  table  contains  the  data  proper. 
The  numerical  values  contain  as  many  digits  as  are  con¬ 
sistent  with  the  estimated  accuracy  of  the  data.6 

The  numbers  in  the  source  column  refer  to  the  references 
listed  after  the  individual  introductions.  If  two  or  more 
references  are  listed,  we  have  given  eacli  source  equal 
weight  in  arriving  at  the  averaged  value.  If  the  data  for  all 
lines  of  a  .nultiplet  are  given,  then  these  are  either  obtained 
trom  the  dationships  listed  in  Appendix  B  and  from  LS- 
coupling  tables  [17-19],  whir  h  is  indicated  in  the  source 
column  by  “Is”,  or  they  are  obtained  directly  from  the 
literature.  In  the  latter  case  they  are  sometimes  marked 
“n’\  if  they  are  normalized  to  a  basis  which  is  different 
from  the  one  chosen  originally  by  the  authors.  Similarly, 
the  multiplet  values  sometimes  have  been  renormalized 
and  have  been  marked  “n”. 

For  the  forbidden  lines,  a  few  small  changes  in  the  ar¬ 
rangement  have  been  made.  First,  we  have  indicated  the 
type  of  transition,  i.e.,  we  have  listed  an  "m”  for  magnetic 
dipole  and  "e”  for  electric  quadrupole  lines.  Furthermore, 
the  log  gf  and /j*  columns  are  omitted,  since  these  units  are 
not  used  for  forbidden  lines,  (The  line  strength  S,  which 
now  has  different  atomic  units  (see  table  III),  is  also  used 
infrequently).  It  should  be  noted  that  the  total  transitio  n 
probabilities  of  forbidden  lines  are  obtained  by  adding  the 
magnetic  dipole  and  electric  quadrupole  values. 

We  finally  would  like  to  mention  that  we  have  assembled 
and  explained  in  Appendix  A  all  abbreviations  appearing 
in  the  tabulations. 


F.  FUTURE  FLANS  AND 
ACKNOWLEDGEMENTS 

It  is  our  olan  to  extend  this  critical  compilation  to  all 
other  elements  and  make  revisions  whenever  necessary. 
The  present  tallies  should  therefore  be  regarded  as  the  first 
volume  of  a  larger  work  spanning  all  elements.  However, 
realization  of  this  large  project  in  a  systematic  fashion, 
say.  itt  order  of  im  rvasing  atomic  number,  tb«-s  not  appear 
feasilih  ai  t lie  present  time,  spice  there  are  relatively  lev, 
reliable  data  available  for  many  heavier  elements,  and 
essentially  none  for  higher  stages  of  ionization.  As  an 
interim  solution,  we  probably  shall  attempt  to  assemble, 
in  an  irregular  fashion,  tables  of  best  values  for  the  spectra 
ol  those  heavier  elements  and  ions  for  which  extensive 
and  worthwhile  data  are  presently  at  hand.  These  will 
he  primarily  the  heavier  noble  gases,  some  of  the  well- 
known  metals,  the  alkalis,  and  the  alkaline  earths.  Also, 
the  third  period  of  the  periodic  talde  appears  to  be  promising. 

"  During  tile  «  ••'•I|>uut(i  ti'  .iu*l  I  .ill  tligiK  weir  rcl.tinril  .mil  Im.iilv  i»»i»nilei|  « *11  I  hit* 

it  licit  •'Millet: mr«  m  *  tir  th-it  llir  line  -tM-ugtli'  tl>*  iimI  e\.u  l!v  ,i<M  up  f ■>  the  limlliplrt  -tmiglli 


Finally,  it  is  our  wish  and  hope  that  the-  compilation  may 
stimulate  further  work  on  the  lightest  ten  elements,  sim 
many  gaps  ami  unreliable  data  aiv  evident  vn  iLmt  in¬ 
spection  ol  the  tables.  The  two  areas  that  merit  .lie  highest 
attention  an-  the  Idgbet  ions  and  llhirt  lower  excited 
transitions  that  are  subject  to  the  effects  ol  configuration 
interaction. 

It  is  -nit  pleasutv  tn  acknowledge  tin  ln-lp  and  voUabvwa 
lion  ol  many  workers  in  this  field.  In  particular,  we  would 
like  to  t bank  1*.  S.  Kelly  and  B.  1<.  Armstrong  for  sending 
us  preprints  ol  their  extensive  SCF -calculations  on  nitrogt  n 
ami  oxygen,  II.  H.  Grieni  lor  supplying  us  with  a  computer 
program  to  calculate  Bates-Damgaard  values;  and  H.  H. 
Garstang  and  A.  M.  Naqv-i  for  extensive  discussions  and 
some  re-calculations  of  transition  probabilities  for  forbidden 
lines. 

We  also  express  our  sincere  gratitude  to  tin  studen.s 
who  have  worked  during  the  past  summers  on  the  prclimi- 
ary  aspects  of  this  compilation.  These  an-  Mary  DesJardins. 
Maureen  Zagronic.  Berry  Cold).  Don  Hall,  and  Haul  Voigt. 

W  e  would  finally  like  to  thank  several  of  our  collogues  at 
MBS;  (specially  A.W.  Weiss  for  many  useful  discussions 
uini  for  cdiiying  out  litany  SlT-calculathe's  when  serious 
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Table  II. 

Reference  >i>t  nl  aililitimuil  material  which  in  considered  to  be  quite  reliable  lint  nut  covered  in  tile  table 
because  of  ils  \er>  liniileil  n-e  <  I  In-  1 1  n.mt  ti  in  iiiiiiiIii-i-  are  given  in  tbeir  ciistnuurv  notation). 


Spectrum 

Transitions 

Author 

Hi 

2— *  n  for  41  ^  n  ^  60 
ml  j~*  nisi  *  for 

5«n,  «20.6=Sru-=s20. 
and  all  possible  /-values 

21  — »  nl  for  21  Snc6(l 

Green,  L.  (!.,  Rush,  F.  P..  and  Chandler, 
C.  D.,  Astrophys.  J.  Suppl.  Ser.  3,  37 
(1957). 

H  t 

Is--*  np  for  7  «  n  «  50 

2l—*nl  for  7  =s  n  50 
and  all  possible  /-values 

31  — >  nl  for  7  s  n  -s  50 
and  all  possible  /-values 

4/—*  nl  for  7  «  n  50 
and  all  possible  /-values 

Harriman,  J.  M„  Phys  Rev.  101,  594  (19.56) 
and  Document  No.  4705,  American  Docu¬ 
mentation  Institute  Auxiliary  Publica¬ 
tions  Project.  Photoduplication  Service, 
Library  of  Congress,  Washington,  D.  C. 

N  t 

s-/>,  p-tl.  and  (/-/  for 

2  Sn  st  11:  with  ls22s22/>2 
ore 

s-/>.  />-</.  and  (/-/  for 

2  «  n  «  8;  with  ls22s  2/P 
and  ls22/i4  cores 

Kelly,  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
T  ransfer  4,  117-148(1964). 

N  ii.  0  m 

s  —  p.  p  —  il ,  and  tl—f  fur 

2  =£  n  H:  with  ls22.s22/i 
core 

Kelly,  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  117-148  (1964). 

N  m,  ()  iv 

s  —  p,  />  —  (/,  anil  (/—/for 

2  *5  n  «  8:  with  l.v22s2  core 

Kelly.  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  117-148(1964). 

N  iv.  0  v 

s-p.  p-tl  and  (/-/for 

2  «  n  «  8;  with  !.v22s  core 

Kelly.  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  117-148  (1964). 

N  v.  ()  vi 

s-p.  p-tl.  and  (/-/for 

2  «  n  s;  8;  with  Is2  core 

Kelly,  P.  S..  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  117-148  (1964). 

()  i 

s-p.  p-tl.  and  (/-/  for 

2  s  ,'i  st  8;  with  l.s22s22/r'  core 

Kelly,  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  1 17-148  ( 1964). 

()  ii 

s-p.  p-tl.  and  (/-/for 

2  ^  ri  =£  8:  with  LV22.sz2/>2  cure 

Kelly,  P.  S.,  J.  Quant.  Spectrosc.  Radiat. 
Transfer  4,  117-148  (1964). 
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( !i><n  rl 'iuii  larlm-.  i  lie  laelm  in  fill'll  lm\  i'iiiivi'1  -  li\  I M II 1 1  i  I  >1  It.i  1 1<  >1 1  1 1 1 » •  1 1  tl  .1 1 1 1 1 1 V  .ilntM-  il  illm  ill*  m,* 
at  il>  h  It. 


h, 

U 

,s 

0,070.  >.  10'  *  A*. 

y.< 

2.020,  v  1(1'“ 

A' A  A  '1 

y, 

1.070s  X  10'“ 

Ik, 

1 

> 

»A5 

»/„ 

2.007s  x  10" 
aA:! 

1 

y.i 

’,0.1.  7;, 

A'-A 

Jtk 

1. 1002  x  10  l8A2— : 

A'i 

1 

y<i 

2.41.8 

A',A:i 

Mi 

1.011,,  x  It) 

A', A 

y, 

l.o:i:>„  x  io  'Via' 

y, 

.1.202,  x  10  -y,A 

s 

F, 

4. 04.4  x  10  'VaA:' 

y, 

.1.071  x  10  :y,Aa 

1 

Mi 

•'1.707,,  x  to  '4aa:' 

M, 

2 1  <  *.{iiA'»A 

The  lint*  strength  is  given  in  atomic  units,  which  arc: 

For  clcclric  dipole  transitions  (allowed  — denoted  by 

ujje2  =  6.440  4  X  10  :i,i  cm  '  esu2; 

for  electric  quadrupolc  transitions  (forbidden  —  denoted  by  E,,\: 

</4e2  =  I.HOHkX  10  ■>-  etH*  esu2: 
for  magnetic  dipole  transitions  (forbidden —denoted  by  1/,/t: 

c~lrl \()Tr~m,-2r2  —  8.509  X  10  41  erg2  gauss 

Tire  transition  probability  is  in  units  see  ',  and  the  7-value  is  dimensionless.  The  wavelength  A 
is  <iiven  in  Angstrom  units,  and  y  and  ^  are  the  statistical  weights  ol  the  lower  and  tipper  stale, 
respectively. 


APPENDIX  A 


APPENDIX  B 


k<  \  to  abbrev iatious  and  symbols  used  in  t li«*  tables 
(A)  Symbols  for  indication  of  accuracy: 


AA . uncertainties  within  \(  < 

A . do  Sr'< 

15  . do  I  O'* 

C . do  25  9f 

I) . do  SOT? 

K . uncertainties  larger  than  50'* 


(B)  Abbreviations  appearing  in  tin-  sourer  column  of 
allowed  transitions 
/.\  —  /..S-conpbv.g 
<  <i  =  Coulomb  approximation 
//  —  normalized  to  a  different  scale 
((’)  Types  of  forbidden  lines 

e  ~  elect rie  quadrupole  line 
rn  =  magnetic  dipole  line 

(Total  transition  probabilities  of  forbidden  lines  are 
obtained  by  adding  the  e-  and  ///-values). 

(I))  Special  symbols  used  in  the  wavelength  and  energy 
level  columns. 

Number  in  parentheses  under  multiple!  notation  triers 
to  running  numbet  of  ref.  |3|(  Revised  Multiple)  Table) 
if  letters  “«i"  are  added,  reference  is  made  to  running 
number  in  ref.  [4|  (l  ltraviole!  Multiple!  Table) 
Numbers  in  italics  indicate  multiple!  values,  i.e., 
weighted  averages  of  line  values. 

Numbers  in  square  brackets  approximate  calculated 
to  extrapolated  values. 

Question  marks  indicate  rather  uncertain  values. 


(At  Statistical  Weights: 

1  lie  statistical  weights  are  related  to  the  inner  quantum 
number  7/  (in  ono-electron  spectra  j)  of  a  level  < » nit ial  and 
final  states  of  a  line  I  by 

A'/.  =  27/.+  1. 

and  to  the  quantum  numbers  of  a  term  (initial  and  final 
states  of  a  multiple! )  by 

gu  —  ( 21.  +  1 )  ( 2.S  +  1 ). 

( 1  b(-  “multiple!  ’  values  Um  may  also  be  obtained  by  summing 
over  all  possible  “line"  values  g,..  S  is  the  resultant  spin.) 
)B)  Relations  between  the  strengths  of  lines  and  the  total 
multiple!  strength: 

1.  Line  strength  S: 

N(i.  k)=  2  S(Ji.  7*1 

J,-  Jt 


or  S( Multi plet)  =  ^  S(line) 

(A  denotes  the  upper  and  i  the  lower  term). 

2.  Absorption  oscillator  strength: 

yjtnultiplet  —  _  —  - - V  (27/+  1 )  X  A(7,.7a>  X/(7,.7a» 

(27i+D./aT'// 


The  mean  wavelength  for  the  multiple!  A/a  may  be  obtained 
from  the  weighted  energy  levels.  Usually  the  wavelength 
differences  for  the  lines  within  a  multiple!  are  very  small, 
so  that  the  wavelength  factors  may  be  neglected. 

3.  Transition  probabilities 

■J  muitipict __ - ^ -  2  (27a  +  1 )  x  A(7 7a ):s  x  AiJk.Ji) 

(X.a)3^  (27a+1;./Ma 

h 

Relative  strengths  .S(7 > .  7a)  of  the  components  of  a  multi¬ 
ple!  are  listed  in  refs.  [17-19]  for  the  case  of  /^'-coupling. 


xi 


766  655  O  66-2 


HYDROGEN 

H 


'.round  State 


1 5  -S1/2 


Ionization  Potential 


13. 595  e\  =  109678.758  cm  1 


Allowed  Transitions 

For  hydrogen  a  special  tabular  arrangement  is  used.  In  Table  A  the  “average"  transition  prob- 
abilities  for  transitions  between  lower  states  of  principal  quantum  number  (n)j  to  upper  states 
O/U  are  listed.  They  are  taken  from  extensive  calculations  by  Green,  Flush,  and  Chandler:  Harri- 
man:  Herdan  and  Hughes:  Karzas  and  batter:  and  Menzel  and  Pekeris  [1],  These  values  are 
applicable  to  most  problems  in  plasma  spectroscopy  and  astrophysics  (see  general  introduction, 
See.  Eh  Table  B  contains  the  probabilities  for  transitions  between  the  various  sublevels  In/), 
—  («/)*.  This  table  should  be  useful  primarily  for  theoretical  applications.  Both  tables  include1 
only  four  significant  figures  since  relativistic  effects,  which  are  of  the  order  of  a2,  have  been 
neglected  in  the  calculations  (a  is  the  fine  structure  constant).  It  should  be  noted  that  Green, 
Hush,  and  Chandler:  and  Harriman  list  more  transitions,  but  these,  not  being  of  any  practical 
importance,  are  omitted. 

Table  C  contains  the  values  for  nine  fine  structure  lines  as  calculated  from  the  work  of  Wild  [2]. 
The  effect  of  the  Lamb  shift  has  been  taken  into  account  by  using  his  equation  (4a)  to  calculate 
the  line  strength  and  then  by  using  the  energy  levels  given  in  NBS  Circular  467  (Atomic  Energy 
Levels)  for  conversion  into  the  other  quantities. 

The  values  for  the  transition  between  the  two  hyperfine  structure  components  of  the  ls2Si/a 
level  are  also  taken  from  Wild  [2|  and  are  given  in  Table  D.  This  magnetic  dipole  transition  has 
a  statistical  weight  of  2/f  1,  where  /  is  j±  1/2  for  hydrogen. 

The  inetastable  2s  2S(  .  level  gives  rise  to  transitions  to  the  ground  state  only  by  means  of  two- 
photon  emission.  This  process  was  studied  in  particular  by  Shapiro  and  Breit  (3).  Their  calcula¬ 
tion  of  the  transition  probability  for  the  Is  2Si  ■>  —  2.v  2So2  transition  gives  a  value  of  8.23  sec-1 
with  an  estimated  accuracy  of  better  than  3  percent.  The  transition  itself  gives  rise  to  a  continuum: 
hence  no /or  S  values  are  given. 

Finally,  it  should  be  mentioned  that  in  the  conversion  factors  used  for  hydrogen  the  reduced 
mass  and  other  appropriate  constants  are  taken  into  account. 
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H  — Table  A.  (n)i  — (/i) a  Transitions  (Average  Values)* 


Transitimi 


A  ( A  ‘ 


i<rm  ') 


A'ilcin  'I 


g< 


.•(ill  sen-  ') 


1-2  (l.ul 

1215.67 

1—3  (U 

1025.72 

1-4  ll.yl 

792.537 

1  -5 

949.743 

1  —6  <L,> 

9.37.80.3 

1  —7 

930.748 

1  -8 

926.226 

1-9 

923.150 

1-10 

920.963 

1-11 

919.352 

1-12 

918.129 

1-13 

917.181 

1-14 

916.429 

1-15 

915.824 

1-16 

915.329 

.-17 

914.919 

1-18 

914.576 

1-19 

914.286 

1-20 

914.039 

1-21 

913.826 

1-22 

913.641 

1-23 

913.-180 

1-24 

913.339 

1-25 

913.215 

1-26 

913.104 

1-27 

913.006 

1-28 

912.918 

1-29 

912.839 

1-30 

912.768 

1-31 

912.703 

1-32 

912.645 

1-33 

912.592 

1-34 

912.543 

1-35 

912.499 

1  -36 

912.458 

1-37 

912.420 

1-38 

912.385 

1-39 

912.353 

1  -40 

912.324 

2-3  lHa> 

6562.80 

2-4  lHfl> 

4861.32 

2-5UU 

4340.46 

2  —6  ills) 

4101.73 

2-7  (H,l 

3970.07 

2-8 

3889.05 

2-9 

3835.38 

2-10 

3797.90 

2-11 

3770.63 

2-12 

3750. 15 

0 

0 

0 

0 

0 


82259 

97492 

102824 

105292 

106632 


2 

2 

2 

2 

2 


8 

18 

32 

50 

-•> 


4.699  x  10" 
5.575  x  1Q; 
1.278  x  107 
4.125  x  10“ 
I.6UX  10“ 


0 

0 

0 

0 

0 


107440 

107965 

108325 

108582 

108772 


2 

2 

2 

2 

•> 


98 

128 

162 

2(H) 

242 


7. .568  x  10'* 
3.869  x  10s 
2.143  x  10-* 
1.263  x  103 
7.834  x  104 


0 

0 

0 

0 

0 


108917 

109030 

109119 

109191 

109250 


2 

2 

2 

2 

2 


288 

338 

392 

450 

512 


5.066  x  104 
3.393  x  I04 
2.341  x  104 
1.657.x  104 
1.200  x  104 


0 

0 

0 

0 

0 


109299 
109340 
109375 
1 09405 
109430 


578 

618 

722 

800 

882 


0 

0 

0 

0 

0 


109452 

2 

968 

109471 

2 

1058 

109488 

2 

1152 

109503 

2 

1250 

109517 

2 

1352 

0 

0 

0 

0 

0 


109528 

109539 

109548 

109557 

109565 


■) 

2 

2 

2 

•> 


1458  | 
1568 
1682 
1800 
1922 


0 

0 

0 

0 

0 


109572 

109578 

109584 

109589 

109591 


t- 

2 

2 

■> 


2048  i 
2178  i 
2312 
2450  | 
2592  1 


8858 

6654 

5077 

3928 

3077 

24.38 

1952 

1578 

1286 

1057 

875.3 

729.7 
612.2 

516.7 

438.6 

374.2 

320.8 

276.3 
239.0 

207.6 


0 

0 

0 

0 


109599 

109603 

109607 

109610 


2 

2 

2 

•) 


2738 

2888  I 

3042  | 
3200 


181.0 

158.4 

139.1 

122.6 


82259 

82259 

82.259 

82259 

82259 


97492 

102824 

105292 

106632 

1074-10 


8 

8 

8 

8 

8 


18 

32 

50 

72 

98 


4.410  x  107 
8.419  x.  10“ 
2.5.30  x  10“ 
9.732  x  10’ 
4.389  x  10’ 


82259  107965 
82259  108325 
82259  108582 
82259  1  108772 
82259  108917 


128 

162 

200 

242 

288 


2.215  x  10;> 

1.216  x  10' 
7.122X  10' 
4.397  x  I'O 
2.834  x  II)4 


-13 

-11 

15 

16 
17 


3734.37 

82259 

109030 

8 

338 

1.893x10' 

3721.94 

82259 

109119 

8 

392 

1.303  x  104 

3711.97 

82259 

109191 

8 

450 

9210 

3703.85 

82259 

109250 

8 

512 

6658 

3697.15 

82259 

1092)9 

8 

578 

4910 

u 

•Slat.u.l 

'"fi  g) 

Ami- 

rac\ 

Sutiicr 

0.4162 

3.3.30 

-0.0797 

A  A 

1 

7.910x10  - 

0.5339 

-0.8008 

A  A 

1 

2.899  x  10  - 

0.1855 

-  1.2367 

A  A 

1 

1.394  x  10  - 

8.71 1  x  10  2 

-  1 .5548 

A  A 

1 

7.799  x  10  •'* 

4.81.3  x  10  2 

-  1  8069 

A  A 

1 

4.814  x  10  ;* 

2.948  x  10  2 

-2.0165 

A  A 

1 

3.183  x  10  3 

1.940  x  10  2 

-2.1961 

A. A 

1 

2.216  x  10  3 

1.346  x  10  2 

-  2.3534 

A  A 

1 

1.605  x  10  1 

9.729  x  10  3 

-  2.4934 

A  A 

1 

1  201  x  10 

7.263  x  10  4 

-2.6196 

A  A 

1 

9.214  x  10  4 

5.567  x  10  1 

-2.7345 

A. A 

1 

7.227  x  10  4 

4.362  x  10  1 

-2.8400 

A  A 

1 

5.774  x  10  4 

3.482  X  10  3 

-  2.9375 

A  A 

4.686  x  10  4 

2.824  x  10  ;| 

-3.0281 

AA 

1 

3.856  x  10  4 

2.323  x  10  3 

-3  1129 

AA 

1 

3.211  x  10  4 

1.933  x  10  3 

-3.1924 

A  A 

1 

2.702  x  10  4 

1.626  x  10  1 

-  3.2673 

A  A 

1 

2.2%  x  10  4 

1.381  x  10-* 

-3.3381 

A  A 

1 

1  %7x  10  4 

1.183  x  10  1 

-3.4052 

A  A 

1 

1.698  x  10  ' 

1.021  x  10-3 

-3.4691 

AA 

1 

1.476  x  10  4 

8.874  x  10  4 

-3.5299 

A  A 

1 

1.291  x  10  4 

7.761  x  10  4 

-  3.5880 

AA 

1 

1. 136  x  10  4 

6.827  x  10  4 

-  3.6436 

A  A 

1 

1.005  x  10  4 

6.037  x  10  4 

-3.6970 

A  A 

1 

8.928  x  10- ’ 

5.364  x  10  4 

-3.7482 

A  A 

1 

7.970  x  10  - 

4.788  X  10  4 

-3.7975 

A  A 

1 

7.144  x  10  ’ 

4.292  x  10  ' 

-  3.8450 

AA 

1 

6.429  x  10 

3.862  x  10  4 

-  3.8908 

A  A 

1 

5.806  x  10  '• 

3.487  x  10  4 

-3.9351 

A  A 

1 

5.261  x  10-* 

3. 160  x  10  4 

-3.9779 

A  A 

1 

4.782  x  10 

2.872  x  10  4 

-4.0193 

A. A 

1 

4.360  x  10  ’ 

2.618  x  10  4 

-  4.0595 

A  A 

1 

3.986  X  10  * 

2.394  x  10  4 

-  4.0985 

A  A 

1 

3.653  x  10* 

2.194  x  10  4 

-4.136.3 

A  A 

1 

3.357  x  10  ’ 

2.016  x  10  4 

-4.1730 

A  A 

1 

3.092  x  10  '* 

1.856  x  10  4 

-  4  2088 

A  A 

1 

2.854  x  10 

1.713  x  10  4 

-  4.2436 

A  A 

1 

2.6WX  10 

1.585  x  lO  4 

-4.2774 

AA 

1 

2.446  x  10  5 

1.469  x  10  4 

—  4.3105 

A  A 

1 

0.6-107 

110.7 

0.7098 

A  A 

1 

0.1193 

15.27 

-0.0202 

A  A 

. 

4.467  x  10  - 

5.105 

-  0.4469 

A. A 

1 

2.209x10  - 

2.386 

-0.7527 

A  A 

1 

1.270  x  10  2 

1.328 

-  0.9929 

A  A 

1 

3.036  x  10  3 

0.8228 

-  1.1919 

A  A 

1 

5.429  x  10 

0.5482 

-  1.3622 

A  A 

1 

5.851  x  10;‘ 

0.3851 

-  1.5114 

A  A 

1 

2.835  x  10  3 

0.2815 

-  1 .6443 

A  A 

1 

2.151  x  10  4 

0.2124 

-  1 .764.3 

A  A 

1.672  X  10  4 

0.1644 

-  1.8737 

A  A 

1 

1.326  x  10  4 

0.1300 

-  1 .9743 

A  A 

1 

1  070X10  1 

0.1046 

-  2.0674 

A  A 

1 

8.764  x  10  4 

8.547  x  10  2 

—  2.1542 

A  A 

1 

7.270  x  10  ' 

7.077  x  10  2 

-2.2354 

A  A 

1 

2 


H—  Table  A.  (n)j  —  (nK- Transitions  (Average  Values)—  Continued 


I  raiiMtinn 

aiAi 

A’, d  in  0 

A'fi  m  ') 

— 

* 

4 /..(sec  ') 

f,k 

•S'lat.u.) 

Accu- 

Sum- 

2—  IK 

869 1 .55 

82259 

109340 

8 

648 

.3685 

6.099  x  10-4 

5.928  X  10-2 

-2  3117 

AA 

1 

2-19 

8686.88 

82259 

109375 

8 

722 

2809 

5.1  b7  x  10  4 

5.016  X  10  2 

-  2.3837 

AA 

1 

2-20 

8682.81 

82259 

109*05 

8 

800 

2172 

4.416  x  10  4 

4.283  X  10-2 

-2.4518 

A  A 

1 

2-21 

8679.85 

82259 

109430 

3 

882 

1700 

3.805  x  !0  4 

3.686  x  10-2 

-2.5165 

AA 

1 

2-22 

8676.86 

82259 

109452 

8 

968 

1347 

3.302  x  10-4 

3.196X  10- 2 

-  2.5781 

AA 

1 

2-2:1 

8678.76 

82259 

109471 

8 

1058 

1078 

2.884  x  10  4 

2.790  x  10  2 

-  2.6369 

A  A 

1 

2-24 

8671.48 

82259 

109488 

8 

1152 

870.7 

2.534  x  10  4 

2.449  x  10  2 

-2.6931 

A  A 

2-25 

.8669.46 

82259 

109503 

8 

1250 

709.6 

2.238  x  10  4 

2.163  x  10-2 

-2.7470 

AA 

1 

2  —  20 

86678)8 

82259 

109517 

8 

1352 

583.0 

1.987  x  10-4 

1.919  x  10  2 

-2.7987 

AA 

1 

2-27 

8666.10 

82259 

109528 

8 

1458 

482.6 

1.772  x  10-4 

1.711  x  10  2 

-2.8484 

AA 

1 

2-28 

8664.68 

82259 

109539 

8 

1568 

402.2 

1.587  x  10  4 

1.532  x  1()-2 

-  2.8%2 

A  A 

1 

2  —  20 

8668.40 

82259 

109548 

8 

1682 

337.4 

1.427  x  10  4 

1.377  x  10  2 

-  2.9424 

A  A 

2  - 30 

8662.26 

82259 

109557 

8 

1800 

284.7 

1.288  x  10  4 

1.242  x  10-2 

-  2.9869 

AA 

1 

2  —  41 

3661.22 

82259 

109565 

8 

1922 

241.6 

1.167X  10  4 

1.125  x  10  2 

-3.0300 

A  A 

1 

2-82 

3660.28 

82259 

109572 

8 

2048 

206.1 

1.060  x  10-4 

1.021  x  10-2 

-3.0717 

A  A 

1 

2-88 

3659.42 

82259 

109578 

8 

2178 

176.7 

9.658  x  10-5 

9.305  x  10--1 

-3.1120 

AA 

1 

2-84 

3658.64 

82259 

109584 

8 

2312 

152.2 

8.825  x  10-' 

8.501  x  10' 

-3.1512 

A  A 

2-85 

3657.92 

82259 

109589 

8 

2450 

131.6 

8.086  x  10-> 

7.788  x  10-' 

-3.1892 

A  A 

2-86 

3657.27 

82259 

109594 

8 

2592 

114.3 

7.427  x  10-' 

7. 152  x  10-' 

-3.2261 

A  A 

1 

2-87 

3656.66 

82259 

109599 

8 

2738 

99.66 

6.837  x  10-' 

6.583  X  10-' 

-3.2620 

A  A 

1 

2-88 

3656.11 

82259 

109603 

8 

2888 

87.20 

6.309  x  10-' 

6.073  x  10-' 

—  3.2%9 

AA 

1 

2-89 

3655.59 

82259 

109607 

8 

3042 

76.57 

5.834  x  10  ' 

5.615  x  10-' 

-3.3310 

A  A 

1 

2-40 

3655.12 

82259 

109610 

8 

3200 

67.46 

5.405  x  10"' 

5.202X10-' 

-3.3641 

AA 

1 

8-4  (Fj 

18751.0 

97492 

102824 

18 

32 

8.986  X  10* 

0.8421 

935.4 

1.1806 

A  A 

1 

8-5  (I’a) 

12818.1 

97492 

105292 

18 

50 

2.201  x  10“ 

0.1506 

114.3 

0.4331 

A  A 

8-6  (IM 

10938.1 

97492 

106632 

18 

1  *1 

7.783  x  1  O'- 

5.584  x  10-* 

36.18 

0.0022 

AA 

1 

8-7  <PS> 

10049.4 

97492 

107440 

18 

98 

3.358  x  10' 

2.768  x  10-2 

16.48 

-0.3025 

AA 

1 

8-8  (P.) 

9545.98 

97492 

107965 

18 

128 

1.651  x  10s 

1 .604  x  10-* 

9.069 

-0.5396 

AA 

1 

8-9 

9229.02 

97492 

108325 

18 

162 

8.905  x  104 

1.023  x  10  2 

5.595 

-0.7347 

A  A 

8-10 

9014.91 

97492 

108582 

18 

200 

5. 156  X  104 

6.980  x  10-' 

3.728 

-0.9009 

A  A 

1 

8-11 

8862.79 

97492 

108772 

18 

242 

3.156  x  104 

4.9%  x  10-3 

2.623 

-1.0461 

AA 

1 

8-12 

8750.47 

97492 

108917 

18 

288 

2.021  x  104 

3.711  x  10-' 

1.924 

-1.1752 

AA 

1 

8-18 

8665.02 

97492 

109030 

18 

338 

1.343  x  104 

2.839  X  10-' 

1.457 

-1.2916 

AA 

1 

8-14 

8598.89 

97492 

109119 

!8 

392 

9211 

2.224  x  10  ' 

1.133 

-1.3977 

AA 

1 

8-15 

8545.39 

97492 

109191 

18 

450 

6490 

1.776  x  10-' 

0.8992 

- 1 .4952 

A  A 

1 

8-16 

8502.49 

97492 

109250 

18 

512 

4680 

1.443  x  10' 

0.7267 

-  1.5855 

AA 

1 

8-17 

8467.26 

97492 

109299 

18 

578 

3444 

1 .188  x  10- 1 

0.5963 

-  1.6696 

A  A 

1 

8-18 

8437.96 

97492 

109340 

18 

6-)8 

2.580 

9.916  x  10-4 

0.4957 

-1.7484 

AA 

1 

8-  19 

8413.32 

97492 

109375 

18 

722 

1964 

8.361  x  IQ  4 

0.4167 

-  1 .8225 

A  A 

8-20 

8392.40 

97492 

109405 

18 

800 

1517 

7.118X  10-4 

0.3539 

-1.8924 

A  A 

1 

4-5 

40512.0 

102824 

105292 

32 

50 

2.699  X  106 

1.038 

4428 

1.5212 

AA 

1 

4-6 

26252.0 

102824 

106632 

32 

72 

7.711  x  10s 

0.1793 

495.6 

0.7586 

A  A 

1 

4-7 

21655.0 

102824 

107440 

32 

98 

3.041  x  10s 

6  549  x  10-2 

149.4 

0.3213 

A  A 

1 

1-8 

19445.6 

102824 

107965 

32 

128 

1 .424  x  105 

3.230  x  10-* 

66.14 

0.0143 

\A 

1 

1-9 

18171.1 

102824 

108325 

32 

162 

7.459  x  1 04 

1.870  x  10  2 

35.79 

-0.2230 

A  A 

1 

1-10 

17362.1 

102824 

108582 

32 

200 

4.235  xl  O4 

1.196X  10-* 

21.87 

-0.4171 

A  A 

1 

1-11 

168(H).  5 

102824 

108772 

32 

242 

2.556  x  104 

8.187  x  10  ' 

14.49 

-0.5817 

A  A 

1 

1-12 

16407.2 

102824 

108917 

32 

288 

1.620  x  I04 

5.886  x  10 ' 

10.17 

-0.7250 

A  A 

1 

1-  18 

16109.3 

102824 

109030 

32 

338 

1.069  x  104 

4.393  x  10  :‘ 

7.452 

-0.8521 

\A 

1 

1-11 

15880.5 

102824 

109119 

32 

392 

7288 

3.375  x  10- ‘ 

5.645 

-  0.9665 

A  A 

1 

4-  15 

15700.7 

102824 

109191 

32 

450 

5110 

2.656  X  10* 

4.392 

-  1 .07% 

\\ 

1 

4-  16 

15556.5 

102824 

109250 

32 

512 

3671 

2.131  x  10-* 

3.492 

-  1.1662 

A  A 

1 

4-17 

15438.9 

102824 

109299 

32 

578 

2693 

1.739  x  10  1 

2.827 

-  1.2547 

AA 

1 

4—18 

15341.8 

102824 

109340 

32 

648 

2013 

1.439  x  10  * 

2.324 

-  1.3370 

A  \ 

1 

4—19 

15260.6 

102824 

1 09375 

32 

722 

1529 

1.204  x  10-' 

1 .936 

-  1.4141 

\A 

1 

1-20 

15191.8 

102824 

109405 

32 

800 

1178 

1.019  x  10' 

1.631 

-1.4865 

A  A 

1 

H— Table  A.  (n)i  —  (n)*,  Transitions  (Average  Values)—  Continued 


Transition 

r 

xi  A) 

Fjtcm  ') 

. 

EiW  m "') 

*6 

I 

J 

U 

•S' at.  u.  i 

K1 

\n-u 

rar\ 

Sourer 

5  —  6 

74578 

105292 

106632 

50 

72 

1.025  x  10* 

.'.231 

1.511  x  10' 

1.7893 

A  A 

1 

5—7 

46525 

105292 

107440 

50 

98 

3.253x  10- 

0.2069 

1584 

1.0147 

\  \ 

1 

5-8 

37395 

105292 

107965 

50 

128 

1.388  x  10s 

7.448  x  10  2  j 

458.3 

0.5710 

A  A 

1 

5-9 

32%  1 

105292 

108325 

50 

162 

6.908  X  I04 

3.645  x  (0  2 

197.7 

0.2607 

A  A 

1 

5-10 

30384 

105292 

108582 

50 

2(H) 

5.800  x  104 

2. 104  x  10--  1 

1 

105.2 

0.0219 

A  A 

1 

5-11 

28722 

105292 

108772 

50 

242 

2.246  x  HV 

1 .344  x  10  2  1 

6.3.55 

-  0  1 725 

A  A 

1 

5-  12 

27575 

105292 

108917 

50 

288 

1.402  x  104 

9.209  x  10  3 

41.79 

-  0  3368 

A  A 

1 

5-  1.1 

26744 

i  105292 

109030 

50 

3.38 

9143 

6.631  x  10  1 

29.  iH 

-  0. 4794 

A  \ 

i 

5—  14 

26119 

105292 

109119 

50 

392 

6185 

4.959  x  10 

21.32 

-  0.6056 

A  A 

i 

5-15 

25636 

105292 

109191 

50 

450 

4308 

3.821  x  10  3 

16.12 

-0.7189 

A  \ 

5-  16 

25254 

105292 

1M250 

50 

512 

3079 

3.01 4  X  10  3 

12.53 

-0.8218 

A  \ 

1 

5—17 

24946 

105292 

109299 

50 

578 

2249 

2.425  X  10  3 

9.957 

-0.9162 

A  A 

5-18 

24693 

105292 

109340 

50 

618 

1675 

1.984  x  10  1 

8.062 

-  1.0035 

A  A 

1 

5-19 

24-183 

105292 

109375 

50 

722 

1268 

1.646  x  10  * 

6.631 

-  1.0846 

A  A 

1 

5-20 

24307 

105292 

109405 

50 

800 

975.1 

1.382  x  10  3 

5.528 

-  1.1605 

A  A 

1 

6-7 

123680 

106632 

107440 

72 

98 

4.561  x  10- 

1.424 

4. 173  x  10' 

2.0108 

A  \ 

1 

6-8 

75005 

106632 

107965 

72 

128 

1.561  x  10' 

0.2340 

4160 

1.2266 

A  A 

1 

6-9 

59066 

106632 

108325 

72 

162 

7.065  x  104 

8.315  x  10  - 

1161 

0.7772 

A  A 

1 

6-  10 

51273 

106632 

108582 

72 

2(H) 

3.688  x  l()4 

4.038  x  10  2 

490.6 

0.4635 

AA 

1 

6-11 

46712 

106632 

108772 

72 

242 

2. 1 10  x  10' 

2.320  X  10  2 

256.8 

0.2227 

A  A 

1 

6-  12 

43753 

106632 

108917 

72 

288 

1.288  x  10* 

1 . 179  x  10  2 

17.3.3 

0.0273 

\\ 

1 

6-13 

41697 

106632 

109030 

72 

338 

827' 

1.012  x  10:; 

100.0 

-0.1374 

A  A 

1 

6-14 

40198 

106632 

109119 

72 

392 

5526 

7.289  x  10  1 

69.43 

-0.28(H) 

A  A 

1 

6—15 

39065 

106632 

109191 

72 

150 

3815 

5.455  x  10  4 

50.50 

-  0. 1059 

A  A 

1 

6-  16 

38184 

106632 

1W230 

72 

512 

2707 

4.207  x  10  3 

38.07 

-0.5186 

A  A 

1 

6-  17 

37484 

106632 

109299 

-•> 

578 

1966 

3.324  x  10  3 

29.53 

-0.6209 

A  A 

1 

6-  18 

36916 

106632 

109340 

72 

618 

1457 

2.679  x  H)  3 

23.44 

-0.7146 

A  A 

1 

6-19 

36449 

106632 

109375 

72 

722 

1099 

2. 196  x  10  3 

18.96 

-0.8011 

A. A 

1 

6-20 

36060 

106632 

109405 

72 

800 

812.4 

1.825  x  10  3 

15.59 

-0.8815 

A  A 

1 

7-8 

190570 

107440 

107965 

98 

128 

2.272  x  10- 

1.616 

9.931  X  10' 

2.1996 

A  A 

1 

7-9 

1 13060 

107110 

108325 

98 

162 

8.237  x  104 

0.2609 

9514 

1.4077 

A  A 

1 

7-10 

87577 

107440 

108582 

98 

2(H) 

3.905  x  104 

9.163X  10  2 

2588 

0.9533 

A  \ 

1 

7-11 

75061 

107440 

108772 

98 

242 

2.1 17  x  |04 

4.416  x  K)  2 

1069 

0.6363 

A  A 

1 

7-  12 

67701 

107440 

1089)7 

98 

288 

1.250  x  |()4 

2.525  x  10  2 

551.3 

0.3935 

A  A 

7-13 

62902 

107440 

109030 

98 

338 

7845 

1.605  x  10  2 

325.7 

0.1967 

A  A 

7-11 

59552 

107440 

109119 

98 

392 

5156 

1.097  x  10  2 

210.6 

0.0313 

A  A 

1 

7-15 

57099 

107440 

109191 

98 

150 

3516 

7.891  x  10  3 

145.3 

—  0.1116 

A  A 

1 

7  —  16 

55237 

107140 

109250 

98 

512 

2471 

5.905  x  10  1 

105.2 

-0.2376 

A  A 

1 

7-17 

53783 

107449 

109299 

98 

578 

1781 

4.556  x  10  3 

79.03 

-0.3502 

AA 

1 

7-  18 

52622.5 

107410 

1093 10 

98 

648 

1312 

3.602  x  lo- 3 

61.13 

-0.4522 

A  A 

1 

7-19 

51679 

107110 

109375 

98 

722 

984.9 

2.905  x  10  3 

48. 13 

-0.5456 

A  A 

1 

7-20 

50899 

107140 

109 105 

93 

800 

751.7 

2.383  x  10  3 

39.13 

-0.6316 

A  A 

1 

8-9 

277%0 

107965 

108325 

128 

162 

1.233  x  10- 

1.807 

2.1i6x  10:> 

2.3642 

A  A 

1 

8-  10 

162050 

107965 

108582 

128 

200 

4.676  x  10' 

0.2876 

1.964  X  10' 

1.5661 

A  A 

1 

8-11 

123810 

107965 

108772 

128 

242 

2.301  x  I0‘ 

0.1000 

5217 

1.1072 

A  A 

1 

8-  12 

105010  1 

107965 

108917 

128 

288 

1.287  x  10' 

1.787  x  10  2 

2117 

0.7873 

A  A 

1 

8-  13 

93894 

i 07904 

109030 

128 

3.38 

7801 

2.724  x  10  2 

1077 

0.5124 

A  A 

1 

8-11 

86621 

107965 

109119 

123 

392 

5010 

1.726  x  10  2 

629.8 

0.3142 

A. A 

1 

8-15 

81527 

107%5 

10919 1 

128 

150 

3359 

1. 177  X  10  2 

404. 1 

0.1778 

A  A 

1 

8-16 

77782 

107965 

109250 

128 

512 

2331 

8.456  x  10  3 

277.1 

0.0344 

A  A 

1 

8—17 

74930 

10796.5 

109299 

128 

578 

1601 

6.323  x  10  3 

199.6 

-0.0919 

A  A 

1 

8-18 

72696 

107965 

109340 

128 

648 

1216 

j  4.877x10-' 

149.4 

-0.2046 

1  AA 

1 

8-19 

70' >08 

107965 

109375 

128 

722 

906.9 

3.856X10  3 

I  115.2 

-0.3066 

A  A 

1 

8-20  I 

694 18 

107965 

109105 

128 

8(H) 

(>88.6 

1  3.112X10  3 

1  91.04 

-  0.3998 

A  A 

1 

4 


H  Table  A.  ( n)i  ( n )*•  I  rarisitions  ( Average  V  alues)  —Continued 


1  UIIMtlnll 

A'.u-m  ') 

/l  A  t  <  ‘  H 1  '( 

A' 

l 

i  r'k 

4*i  '( 

'' 

•Slat.u.) 

1»C  gf 

At*CU- 

rac> 

Soum* 

9  -  1(1 

388590 

108325 

108582 

162 

t 

200 

7.151  x  I0‘ 

1.999 

4.141  x  10* 

1 - 

2.5103 

YA 

— 

1 

V- 11 

223340 

108325 

108772 

162 

212 

2.813  x  1(0 

0.314.3 

3.742  x  10- 

1.7068 

AA 

1 

9-  12 

168760 

108325 

108917 

162 

288 

1 .427  x  i()‘ 

0.1083 

9746 

1.2442 

AA 

1 

9-  12 

1  11700 

108325 

109030 

162 

3.38 

8192 

3. 152  x  10  “ 

.3895 

0.9215 

A  A 

9- 1  1 

125810 

108325 

109119 

162 

392 

5080 

2.918  x  10  - 

1958 

0.6746 

AA 

1 

'>- 1:» 

1 15360 

108325 

109191 

162 

450 

.3325 

1.84.3  x  10  - 

11.34 

0.4750 

AA 

i 

9- If) 

108010 

108325 

1 09250 

162 

512 

2268 

1.254  x  10  - 

721.9 

0.3077 

AA 

i 

V—  1  7 

102580 

108325 

109299 

162 

578 

1598 

8.995  X  10 

492.0 

0.1635 

AA 

i 

9  —  18 

08143 

108325 

109340 

162 

618 

1  156 

6.719  x  10  1 

352.7 

0.0363 

AA 

i 

9-  19 

05101 

108325 

109375 

162 

722 

855.5 

5.180  x  10  1 

262.9 

-0.0762 

AA  1 

'>-20 

02570 

108.325 

109405 

162 

800 

645.2 

4.094  x  10  3 

202.1 

-0.1783 

AY  1 

10-11 

525200 

108582 

108772 

200 

242 

4.377  x  I04 

2.190 

7.571  x  10* 

2.6415 

AA  1 

10-12 

208310 

108582 

108917 

200 

288 

1.774  x  I04 

0.3408 

6.692  x  104 

1.8335 

A  A  1 

10  —  IK 

223250 

108852 

10903(1 

200 

.3.38 

923! 

0.1166 

1.71.3  x  104 

1.3676 

AA  1 

10-11 

18610(1 

108582 

109119 

200 

392 

5417 

5.513  x  10“- 

6753 

1.0424 

A  A  1 

10-  !-> 

164070 

108582 

109191 

200 

450 

.3424 

3.109  x  10- 

3358 

0.7937 

AA  1 

10-  If. 

140580 

108582 

109250 

2<X) 

512 

2280 

1.958  x  10-2 

1927 

0.5928 

AA  1 

10-17 

130380 

108582 

109299 

200 

578 

1578 

1.328  x  10-2 

1219 

0.4243 

A  A  1 

10-18 

1311410 

108582 

109340 

200 

648 

1127 

9.515  x  10  1 

825.8 

0.2794 

AA  1 

l()-l«> 

126080 

108582 

109375 

200 

722 

825.2 

7.099  x  JO-3 

589.2 

0.1522 

AA 

i 

10-20 

121530 

108582 

109405 

2<X) 

800 

617.3 

5.468  x  !0-3 

437.4 

0.0389 

A  \ 

i 

11-12 

600500 

108772 

108917 

242 

288 

2.799  x  104 

2.381 

1.310  x  10s 

2.7606 

AA 

i 

II -13 

388320 

108772 

109030 

242 

338 

1.16.3  x  !04 

0.3673 

1.136  X  10* 

1.9489 

\A 

i 

11-14 

288230 

108772 

109119 

242 

392 

6186 

0.1248 

2.865  X  104 

1.4800 

AA  1 

11  —  15 

238620 

108772 

109191 

242 

450 

3699 

5.872  x  10-2 

1.116  x  104 

1.1526 

AA  1 

11-16 

209150 

108772 

109250 

242 

512 

2377 

3.298  x  10-2 

5495 

0.9021 

AY  1 

11-17 

180730 

108772 

109299 

242 

578 

1606 

2.070  x  lO  2 

3129 

0.6999 

AA 

i 

11-18 

176030 

108772 

109340 

242 

648 

1127 

1.402  x  10  2 

1965 

0.5304 

AA 

i 

11-10 

165000 

108772 

109375 

242 

722 

81-1.1 

1.002  x  10-2 

1324 

0.3848 

A  A 

i 

11-20 

158120 

103772 

109405 

242 

8(H) 

602.6 

7.468  x  10  •■> 

940.5 

0.2570 

AA 

i 

12-13 

887300 

108917 

109030 

288 

338 

1.857  x  104 

2.572 

2.163  x  10* 

2.8697 

AA  1 

12-14 

404740 

108917 

109119 

288 

392 

7884 

0.3938 

1.847  x  10* 

2.0547 

A  A 

i 

12-15 

364610 

108917 

109191 

288 

150 

4271 

0.1330 

4.596  x  104 

1.5832 

AA 

i 

12-16 

300020 

108917 

109250 

288 

512 

2596 

6.228  x  10-2 

1.771  x  104 

1.2538 

AA 

i 

12-17 

261610 

108917 

109299 

288 

578 

>693 

3.486  x  lO  2 

8644 

1.0017 

AA 

i 

12-18 

236260 

108917 

109340 

288 

648  1 

1159 

2. 182  x  10~2 

4886 

0.7982 

AA 

i 

12-10 

218360 

I089r 

109375 

288 

722 

822.3 

1 .474  x  10"* 

3050 

0.6278 

AA 

12-20 

205000 

108917 

109405 

288 

800 

600.5 

1.052  x  lO  2 

2045 

0.4814 

AA 

i 

13-14 

1118000 

109030 

109119 

338 

392 

1.271  X  104 

2.763 

3.438  x  lOfi 

2.9703 

AA 

i 

13-15 

619000 

109030 

109191 

338 

450 

5496 

0.4202 

2.894  x  105 

2.1524 

AA 

i 

13-  16 

453200 

109030 

109250 

338 

512 

.3026 

0.1412 

7,119  x  104 

1.6787 

A  A 

i 

13-17 

371000 

109030 

109299 

.338 

578 

1866 

6.584  x  10  2 

2.717  x  104 

1.3474 

AA 

i 

13-18 

322000 

109030 

>09340 

,3.38 

648 

1232 

3.672  x  10“2 

1.316  x  104 

1.0939 

A  A 

. 

13-10 

280640 

109030 

109375 

.338 

722 

853.2 

2.292  x  lO  2 

7386 

0.8892 

A  A 

i 

13-20 

266740 

109030 

109405 

.338 

800 

611.9 

1.545  x  !0~2 

4584 

0.7178 

A  A 

i 

14-15 

1386000 

109119 

109191 

.392 

450 

89.33 

2.954 

5.284  x  10s 

3.0637 

A  A 

i 

14-16 

762300 

109119 

109250 

392 

512 

.3926 

0.4467 

4.393  x  10* 

2.2433 

A  A 

i 

1 1-17 

555200 

109119 

109299 

392 

578 

2192 

0.1494 

1.070  x  10* 

1.7675 

AY 

i 

1 1-18 

452220 

109119 

109340 

392 

648  1 

1.369 

6.938  x  10'2 

4.048  x  104 

1.4345 

A  A 

i 

5 


H  — Table  A.  (n)j  —  (n)*  Transitions  (Average  V  alues)— Continued 


Traii'ilion 

At  \i 

A.lrm  0 

E  trm  ‘I 

X 

A 

Tv, (sec  M 

/t 

•Nut  <1.1 

xl 

\mi  s 

'nlll.  t 

14—  1*» 

890880 

1(W  1 19 

! 

109375 

892 

722 

914,4 

8.858  x  10  - 

1.9  46  X  10' 

1.1796 

\.\ 

1 

14-20 

859800 

109119 

1(H)  405 

892 

300 

630  7 

2.  402  x  |()  - 

5.086  X  10' 

0.97.38 

w 

1 

15-16 

1694000 

109191 

10925O 

450 

512 

6  429 

3.145 

7.889  x  10" 

8. 15(H) 

\  \ 

1 

15—17 

9261(H) 

109191 

109299 

450 

578 

286  4 

0.4781 

6.489  X  10  ' 

2.8281 

\  \ 

1 

15- 18 

6712(H) 

109191 

109840 

450 

6  48 

1620 

0. 1575 

1.566  X  10' 

1.8505 

\.\ 

i 

15-19 

5414(H) 

109191 

1(H)375 

450 

722 

1028 

7.292  x  i0  J 

5.879  X  10' 

1.5160 

w 

1 

© 

'M 

1 

468760 

109191 

1(H)  403 

450 

8(H) 

690.3 

4.048  >  10  - 

2.807  X  10* 

1.259*) 

\\ 

1 

16-17 

2044000 

109250 

10929*4 

512 

578 

4720 

8.8.86 

I.149X  10' 

3.2325 

v\ 

1 

16-18 

1112000 

109250 

109349 

512 

648 

2180 

0. 4995 

9.858  X  1(|  - 

2.4078 

w 

1 

16—  19 

8028(H) 

109250 

109875 

512 

722 

1217 

0. 1657 

2.240  x  10' 

1.9285 

\  \ 

1 

16-20 

648200 

109250 

iwm 

512 

800 

776.7 

7.644  x  It)  - 

8.849  x  i(i! 

1,5926 

\  \ 

1 

17-18 

1  2438000 

109299 

109840 

578 

648 

858(1 

8.527 

1.6.86  x  10r 

8.8094 

u 

1 

17—16 

1  1321000 

1 09299 

109875 

.^78 

722 

1610 

0.5259 

1.821  x  10" 

2.4828 

v\ 

1 

17-20 

1  949200 

109299 

109  405 

1  578 

800 

929.6 

0.1788 

3. 1.39  x  10' 

2.0020 

V  \ 

1 

18-  19 

28821 HH) 

i 09340 

109375 

6  48 

722 

2680 

8.718 

2.285  x  16' 

8.8819 

33 

1 

18-20 

1554000 

109840 

109  405 

6  48 

800 

1285 

0.5528 

1.881  x  |()‘ 

1 

2.55.37 

3  3 

1 

19-20 

3374000 

109875 

1<H)4()5 

7>  > 

800 

2(H>7 

8.909 

8. 184  X  !()• 

'506 

3  3 

1 

H  — Table  B.  (///),  —  (u/)a  Transitions 


Transition 

At  .3 ! 

r,,ic<n  i 

A  Vic  n  •  M 

A'A 

Ttilsrc  ') 

L 

.S(  at. ii. I 

xf 

Arm- 

rur\ 

Source 

Is -2/i 

1215.67 

0 

82259 

2 

() 

6.265  X  10' 

0.4162 

.3,3.30 

_ 

-0.0797 

A  A 

1 

Is  —  8/> 

1025.72 

0 

97  492 

) 

(> 

1.672  x  10- 

7.910  x  10  - 

0,53.39 

-  0.8008 

A  A  1 

I  s  -  l/( 

972,587 

0 

102824 

) 

6 

6.818  X  1()T 

2.899  x  10  - 

0.1855 

-1.2.367 

A  A  l  1 

Is  —5/) 

949.748 

0 

1 05292 

) 

6 

3.437  x  1()7 

1,394  x  10  - 

8.71 1  x  10  - 

-  1.5548 

A  A 

l.s  —  6/> 

987.804 

0 

1066.32 

2 

6 

1.973  x  10* 

7.800  x  |()  ;t 

4.813  x  10  - 

-  1 .8069 

A  A 

2  p  —  8.s 

6562.86 

82259 

97  492 

6 

2 

6,31.8  X  10" 

1,359  X  10  - 

1.761 

-  1 .0886 

A  A 

2/i  -  4.s 

4861,35 

82259 

102824 

6 

■) 

2,578  x  10" 

.3.0  45  x  10  1 

0.292.3 

-  1.738.3 

A  A 

1 

2/i  —  5.s 

4340.48 

82259 

105292 

6 

2 

1.289  x  10" 

1  213  X  10  ■' 

0. 1040 

-  2.1.379 

A  A 

2/>  -  (is 

4101.75 

82259 

106682 

6 

2 

7,350  x  HP 

6. 180  x  10  * 

5.006  x  10  - 

-  2. 4309 

\  A 

1 

2.S-.3/) 

6562.7  4 

82259 

97  492 

) 

6 

2.245  x  1()7 

0,4.3  49 

18.79 

-  0.0606 

\  A 

1 

2.s  —  l/i 

1861.29 

82259 

102824 

2 

6 

9.668  x  10" 

0.1028 

3.288 

-0.687! 

\  \ 

1 

2.s  —  5 /) 

4340.4  4 

8:v,59 

105292 

) 

fi 

4.9  48  x  10" 

4. 19.3  x  1()  - 

.198 

-  1  076  4 

•\A 

1 

2.s  —  6/; 

4101.71 

8 _ 59 

1066.32 

2 

6 

2.858  x  10" 

2. 16.3  x  10 

0,5840 

-  1,3639 

A  A 

1 

2/i  -.W 

6562.81 

82259 

97  492 

(, 

10 

6. 465  x  10" 

0.6958 

90.17 

0.6206 

\.\ 

1 

2/i  —  4,/ 

4861,3.3 

82259 

102824 

6 

10 

2.(H>2  x  |<)7 

0.1218 

1 1 .69 

-0.1362 

\  \ 

1 

2 />  -  All 

4.3  40.47 

82259 

105292 

6 

It) 

9. 425  x  10" 

4,4.37  x  10 

3.80.3 

-  0,5748 

\  \ 

1 

'Ip  —  (ul 

4101.74 

82259 

106632 

6 

10 

5. 1 45  x  10" 

2. 16.3  x  1() 

1.752 

-0.8868 

A  A 

1 

6 


H— Tal>l<*  \i.  \ nhi  —  inl)/,  Transitions.  —  Continued 


1  r  .1  ti>il  i>  >n 

A(  \l 

| 

/.(trill  1 1 

£*6-111  'l 

pt. 

.4*-, ') 

u 

-Slal.u.) 

l'»H  Kl 

Accu¬ 

racy 

N>uri  «* 

Vs  —  l/i 

IKT50.H 

97492 

102821 

•> 

6 

3.065  x  10" 

0.4847 

59.83 

-0.0135 

A  A 

1 

Vs  —  5/i 

12818.0 

97492 

105292 

2 

6 

1.638  X  10" 

0.1210 

10.21 

-0.6161 

A  A 

1 

3.S  -  6/1 

10938.0 

97192 

106632 

2 

6 

9.551  x  10' 

5.139x10  2 

3.700 

-0.9881 

A  A 

1 

V/)—  Vs 

!  18751. 1 

|  97492 

102821 

6 

2 

1.8.35  x  10" 

3.225  x  IO-2 

11.94 

-0.7133 

A  A 

1 

3/>  —  .Vs 

128(8.1 

<17 192 

105292 

6 

•> 

9.046  x  10:' 

7.428  x  10 

1 .880 

-  1.3510 

A  A 

1 

.3/*  —  6s 

!  10938.1 

1  97492 

1066.32 

6 

>•» 

.5.071  x  10' 

3.032  x  10 

0.6550 

-1.7401  I 

j 

A  A 

1 

3/*  —  hi 

1  18750.0 

97492 

102821 

(t 

10 

7.0.37  x  10" 

0.6183 

228.9 

0.5693 

A  A  ! 

1 

3/>  —  ~ul 

i  28 18.0 

97492 

105292 

6 

10 

3.391  x  10" 

0.1392 

35.24 

-0.0731 

AA 

1 

3p  —  tut 

109.38. 1 

97192 

106632 

6 

10 

1.878  x  10" 

5.614  xlO-2 

12.13 

-0.4726 

A  A 

1 

:w-4/< 

18751.2 

97492 

102821 

10 

6 

3.475  x  10:' 

1.099x10  2 

6.783 

-  0  9589 

AA 

1 

•Hi/  -  5p 

12818.2 

97492 

105292 

10 

6 

1.495  x  10* 

2.210  x  10  ■' 

0.9324 

-  1 .6556 

A  A 

1 

Vi/--  6/> 

100.(8. 1 

97492 

1 06632 

10 

6 

7.824  x  10" 

8.420  X  10  " 

0.3031 

-  2.0747 

A  A 

1 

:w-4/ 

18751.1 

97192 

102824 

10 

14 

1.379  X  107 

1.018 

628.0 

1.0075 

A  A 

1 

:w-.v 

!28l:i.  1 

97492 

105292 

10 

14 

4.542  x  10" 

0.1566 

66.08 

0.1949 

A  A 

1 

3</  —  6/ 

10938. 1 

97492 

106632 

10 

14 

2. 146  x  10* 

1 

5.389 XlO  2 

19.40 

-0.2685 

A  A 

1 

4s  — 5p 

4051 1 

102824 

105292 

2 

6 

7.372  x  iO5 

0.5442 

145.1 

0.0368 

AA  1 

4.s  —  6/i 

26251 

102824 

106632 

2 

6 

4.456  x  10s 

0.138! 

23.87 

-0.5587 

A  A 

1 

4/i  —  5s 

40512 

102824 

105292 

6 

2 

6.450  x  10’ 

5.291  x  10  2 

42.3.3 

-0.4983 

A  A  1 

4/i  —  6s 

26251 

102824 

1066H2  i 

6 

2 

3.582x10* 

1.234  x  IO-2 

6.396 

-  1.1306 

AA 

1 

!/>  —  5</ 

4051 1 

102824 

10.5292 

6 

!0 

1.486  x  10" 

0.6093 

487.4 

0.5630 

j  A  A 

l 

4/.“  —  6</ 

26251 

102824 

106632  ' 

6 

10 

8.622  x  10* 

0.1485 

76.96 

-0.0502 

AA 

1 

4i/  —  5/i 

40512 

102824 

105292 

10 

6 

1.884  x  10' 

2.782  x  10  2 

37.10 

—  0.5556 

A  A 

1 

Ul  —  ( i/> 

26252 

102824 

106632  j 

10 

6 

9.<;i6X  10" 

5.837  x  IO-1 

5.044 

-  1.2338 

AA 

1 

4</— 5/ 

40512 

102821 

105292  ' 

10 

14 

2.584  x  10" 

0.8903 

1187 

0.9495 

A  A  l 

4i/— 6/ 

26252 

102821 

106632 

i0 

14 

1.287  x  10" 

0.1862 

160.8 

0.2699 

A  A 

1 

4/  —  5</ 

40512 

102821 

105292 

14 

10 

5.047  x  10" 

8.871  x  IO-1 

16.56 

-0.9059 

A  A 

1 

l/-6</ 

26252 

1 

102824 

106632 

14 

10 

2. 145  x  10" 

1.583  x  IO  3 

1.915 

-1.6544 

A  A 

4/--V 

40512 

102824 

105292 

14 

18 

4.254  x  10" 

1.346 

2512 

1.2751 

A  A 

1 

4/  — 6/r 

26252 

102824 

106632 

14 

18 

1.373  x  IO" 

0.1824 

220.6 

0.4070 

A  A 

| 

5s  —  6p 

74577 

105292 

106632 

2 

6 

2.430  X  10* 

0.6078 

298.4 

0.0848 

A  A 

1 

5/y  —  6s 

74.578 

105292 

106632 

6 

2 

2.682  x  105 

7.454  x  IO-2 

109.8 

-0.3495 

AA 

5/i  —  6</ 

74578  ; 

i 

105292 

106632 

6 

10 

4.495  X  10* 

0.6247 

920.0 

0.5738 

AA 

!  • 

5,/ -6/i 

74579 

105292 

1  106632 

10 

6 

9.593  X  10" 

4.800  x  10-* 

117.8 

-0.3188 

A  A 

5,/ -6/ 

74578 

105292 

106632 

10 

14 

7.232  x  10s 

0.8443 

2072 

0.9265 

AA 

i 

5/—  hi! 

74579 

105292 

106632 

14 

I 

10 

3.908  x  10* 

2.328  X  VO"2 

79.98 

-0.4870 

A  A 

74578 

105292 

106632 

14 

18 

1.106  x  10" 

1.185 

4073 

1.2200 

A  A 

l 

5 -6/ 

74579 

105292 

106632 

18 

14 

1.137  x  10" 

7.376  x  IO-3 

32.59 

-0.8769 

A  A 

l 

Up  —  (>h 

74578 

105292 

106632 

18 

22 

1 .645  x  10" 

1.676 

7406 

1.4796 

A  A 

l 

1 

7 


H  —  Table  C.  {nlj)i  —  (nlj\-  Transitions  (Fine  Structure  Lines) 


Transition 

- , 

i 

ctMc/sec) 

1 

ihciu  M 

i 

-  J 

-!»•(  sec  ') 

1 

J  ik 

1 .  { 

j 

i 

l<>H  k/ 

I 

I 

Ann- 

TM'\ 

Source 

9884 

0.3297  | 

2 

4 

6.34  X  10  2 

j 

1.80  X  10  r‘ 

.36.0 

-  4.  413 

\ 

•> 

■Is  2S,  2  -  3p  -1'°, , 

2944 

0.0982 

2 

4 

1 .01  x  10  2 

3.22  x  10  '* 

216 

I 

-  1.191 

\ 

•) 

3p  2P°i  —  3d  *D:i  > 

3244 

0.1082 

2 

4 

|  8..'.rx  io  - 

2.22  x  10" 

133 

-  !  .3.33 

A 

2 

3p:P°:l2-3(/2r)v. 

1082 

0.0.361 

4 

6 

3.86  x  10-» 

6.67  X  10  B 

243 

-  1.374 

A 

2 

is  2S,  2  -  4p  2}>0;|  2 

1247 

0.0416 

2 

4 

2.63  x  10  " 

4.33  x  10" 

720 

-  1.041 

A 

2 

4p2f’°,,-w-n;,2 

1367 

0.0436 

2 

l 

2.77  x  10  " 

.3.99  x  1 0  * 

ST  6 

-  4.098 

A 

2 

4p  2P°:i  2  4t/  2D-, '2 

436 

0.0132 

4 

6 

1.2.3  x  10  » 

1.20  X  10* 

1040 

-  1.320 

A 

2 

id  2D:i  2  —  4/2F°:,  2 

436 

0.0 152 

4 

1 

6 

i 

7. 18  X  10  *» 

6.98  x  10  * 

603 

-4.334 

A 

2 

4</2Dv2-4/2P72 

228 

i _ 

0.00~6 

6 

8 

9.61  X  10- 11 

3.33  x  10  « 

! 

864 

-4.7(H) 

A 

2 

H  — Table  D.  (nljf)i  —  [nljf)k  Transition  (Hyperfine  Structure  Line,  Magnetic  Dipole 

Transition) 


■ 

Transition 

n  Mr/sfr 

)  A/jfin  ’l 

H,  f£k  Tr'see  'l 

u 

.Stat.u.l 

1 

•on  «/' 

Accu¬ 

racy 

Source 

I  s  -S,  2l/=0  -*./  =!) 

J 

1  120. 1 

0.017.38 

,  1  3  2.87x10' 

r*  3.73  x  10  '-* 

.3.00 

-11.211 

A 

2 

8 


HELIUM 

He  I 


Ground  State 


Ionization  Potential 


Allowed  Transitions 

List  of  tabulated  lines: 


24.380  eV  —  19830,3  cm 


\&  avelcngth  (A) 


W  avelenpth  [A] 


avelengtli 


.306.200 

506.570 

507.058 

507.718 

508.643 

509.998 

512.0*48 

515.617 

522.213 

537.030 

584.334 


2723.2 

2763.8 

2829.07 

2945.10 

3187.74 

3231.27 

3258.28 

32%.  77 

3354.55 
3447.59 

3554.4 
3562.95 

3587.3 
3613.64 

3634.2 
3652.0 
3705.0 

3819.6 

3833.55 

3867.5 
3871.79 
$888.65 

3926.53 

3935.91 

3964.73 

4009.27 

4023.97 

4026.2 

4120.8 
4143.76 

4168.97 


4387.93 
4437.55 
4471.5 
4713.2 

4921.93 

5015.68 

5047.74 

5875.7 

6678.15 

7065.19 


7065.71 

7281.35 

8361.77 


9 


%03.42 


9702.66 


10667.6 


10830.2 


2.2 


10912.9 
10917.0 
109%. 6 


3. 


11045.0 
11225.9 
1 1969.1 


12755.7 


12790.3 


12968.4 


1341 1.8 
15083.7 
2 


18555.6 


8686 


86%.  9 


3 


19089.4 


19543 

20425 

20581.3 

21120 

21132.0 

21494 

21608 

21617 

21841 

22284 


40365 

40396 

40536 

40550 

41216 

42430 

42497 

46053 

46936 

74351 

108800 

180950 

186200 

439440 

957600 

2.16  X  10« 
1.39  X  10; 
1.82  x  107 


Aside  I  rum  hydrogen,  extremely  precise  /-values  exist  only  tor  a  tew  lines  of  helium.  These 
are  the  result  of  extensive  variational  ealeulations  (up  to  220  parameter  wave  functions)  of  Seliifl 
and  Pekcris,  |lj  which  give  an  agreement  of  Wi  or  less  between  the  dipole  length,  velocity,  and 
acceleration  forms  of  the  transition  matrix  element.  Similar  ealeulations  have  been  undertaken 
for  a  few  other  transitions  by  \\  eiss,  |2)  but  are  not  quite  as  refined  (up  to  34  parameter  wave  func¬ 
tions)  and  the  agreement  between  t lie  different  forms  of  the  matrix  element  is  not  quite  as  good. 

For  transitions  to  higher  excited  states,  recourse  has  to  be  taken  to  somewhat  less  elaborate 
theoretical  approximations.  The  following  work  has  been  used:  Calculations  by  Low  and  Stewart 
(unpublished,  but  results  quoted  by  Dalgarno  and  Stewart  |3|)  with  variational  wave  functions  for 
the  ground  state  and  modified  hydrogenie  wave  functions  for  the  excited  states;  similar  calcula¬ 
tions  by  Kbrwien  |6|.  self-consistent  field  calculations,  including  exchange  and  correlation  effects, 
by  Trefftz,  Schliiter,  Del t mar,  and  Jurgens  J4J:  and  applications  of  various  sum  rules  to  modify 
calculated  values  by  Dalgarno  and  Lynn  |5j,  and  Dalgarno  and  Kingston  |7j.  Furthermore,  the 
results  of  Goldberg  |8j.  who  employed  screened  hydrogenie  wave  functions,  and  Hylleraas  |9|,  who 
employed  variational  wave  functions  have  been  used  in  a  few  instances,  (Hylleraas'  work  has  not 
been  extensively  rsed.  since  it  probably  contains  quite  a  number  of  numerical  errors.)  Finally, 
for  all  other  tabulated  transitions,  tin-  Goulmnh  approximation  (sec  general  introduction)  has  been 
employed,  and  ;s  expected  to  give  reliable  results  for  this  simple  atom  (uneeitabilics  within  lO'rl. 
ft  should  fie  noted  that  all  above-mentioned  calculations  arc  nonrelaliv istic 

For  sonic  important  helium  lines  reliable  experimental  data  [10-13]  are  also  available.  They 
all  result  from  determinations  of  lifetimes  of  excited  states  and  agree  generally  quite  <  losely. 
often  within  1()TJ,  with  the  tabulated  theoretical  results,  which  arc  considered  more  accurate  in 
these  cases. 
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|!|  Scliiff.  B..  ami  I’ekrri',  I...  I’livs.  Kev.  134,  4638- AMO  i  196  It. 

|2|  Weiss,  \  W  .,  private  coimnuuieation  I  I962l. 

13)  Dalnariio.  V.  anil  Slew  art,  V  I..  I’roe.  I’livs.  Sue.  London  \  76.  19  -  .73  1 1 960 1. 

[4]  Trefftz.  K..  Sehliiter.  \..  Dell  mar.  K.  It.,  ami  Jiirgens,  K.,  /..  Xslropli".  44,  1  —  17  (I937l. 

|5j  Daljiarno,  \.,  ami  I  will.  N..  I ’roe.  I’li\'  Sue.  I.omlon  \  70,  802 -HI  )H  Il937l. 

[6j  Riirwien.  if..  /.  I'livsik  91.  I  ~36||9.U>. 
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|8|  Coldlierg,  I...  \strophvs.  J.  90,  tl  t  128  i  !939i. 

|9)  Hylleraas.  K.  V.  Z.  I’livsik  106.  393-401  (1937 1. 

1 10)  Heron,  S.,  \le\\  hirier.  H.  W  .  (’..  ami  IHioderiek,  K.  II..  I’roe.  Ho\.  Soe.  I.omlon  \  234,  36.7-.Vt2  (19361. 

|ll)  Oslierovieli.  A.  I...  and  Savieli.  J.  (...  O|>oka  i  Spekiroskopiva  4.  713  718  (1938)  (Translated  in  "Optieal  Transition 
I’loliatiilitic'.’’  Ofliee  of  Teehnie.il  Serviees.  I  ,S.  I)e|iartnieiit  ot  (ioinnieree.  Washington.  I).(3 1 
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10 


He  1.  Allowed  Transitions 


1  raiiMtimi 
Array 

Multiple! 

X;  A) 

£,(cin  ') 

f,\(<m  ') 

& 

.-tk.dO' *,-«•  ') 

U 

.Slat.u.l 

Accu¬ 

racy 

r  . 

Sourer 

1 

Is-  —  ls2p 

iS  —  ‘P0 

1 2  uv) 

384.334 

0 

171135 

1 

3 

17.99 

0  2762 

0.5313 

-  0.5588 

! 

A  A 

1 

•> 

Is-  —  1  s.’i/j 

'S-'P0 
(3  uv) 

337.030 

0 

186210 

1 

3 

5.66 

0.0734 

0.1298 

-  1.1343 

A  A 

1 

3 

Is-  —  ls4p 

■S-'P° 

(4  uv) 

322.213 

0 

191493 

1 

3 

2,16 

0.0302 

0.0519 

-  1.520 

A 

2 

t 

Is2  —  ls5/> 

■S  —  '1»° 

(3  uv) 

313.617 

0 

19.3943 

1 

3 

1.28 

0.0153 

0.0260 

-  1.815 

B* 

3 

5 

Is2  —  ls6p 

«S  — 1 1’° 

(6  uv) 

312.098 

0 

195275 

1 

3 

0.719 

0.00818 

0.0143 

-  2.072 

B* 

3.  4 

6 

Is2  —  ls7p 

>S-T° 

(7  uv) 

309.998 

0 

1*16079 

1 

3 

0.507 

0.0059.3 

0.00995 

-2.227 

B 

5,  6 

i 

Is2  -  I s8p 

iS  —  '1>0 
(8  uv) 

308.643 

0 

196602 

3 

0.343 

0.00399 

0.00668 

-  2.399 

B 

5.  6 

8 

Is2  —  ls9p 

‘S-'P0 
(9  uv) 

307.718 

0 

196960 

1 

3 

0.237 

0.00275 

0.00459 

-  2.561 

B 

5.  6 

9 

Is2- Is  1  Op 

'S-'P° 

(10  uv) 

307.038 

0 

197216 

3 

0.181 

0.00209 

0.00349 

-  2.680 

B 

5,  6 

10 

Is2  —  lsl  lp 

'S-'P0 

306.570 

0 

197406 

3 

0.130 

0.00150 

0.00250 

-2.824 

B 

6 

11 

Is-—  lsl2p 

•S-'P0 

506.200 

0 

197550 

1 

3 

0.104 

0.00119 

0.00199 

-2.923 

B 

6 

12 

ls2s  —  ls2p 

'S-'P0 

20581.3 

166278 

171135 

1 

3 

0.01976 

0.3764 

25.50 

-0.4244 

AA 

1 

13 

Is  2s  —  ls3p 

'S-'l’0 

(4) 

5015.68 

166278 

186210 

1 

3 

0.1.3.38 

0.1514 

2.500 

-0.8199 

AA 

1 

It 

ls2s  —  ls4p 

'S-'P° 

(3) 

3964.73 

166278 

191493 

1 

3 

0.0717 

0.0507 

0.662 

-1.295 

A 

2 

15 

ls2s  —  Is. ip 

'S  — 1 1>0 
(6) 

3613.64 

166278 

193943 

1 

3 

0.0376 

0.0221 

0.263 

—  1 .656 

B 

i 

16 

Is  2s  —  lsftp 

!S  — 1  P° 
(7) 

3447.59 

166278 

195275 

3 

0.02.39 

0.0128 

0.145 

-  1.894 

A 

i 

17 

Is  2s  —  ls7p 

'S-'l'0 

(8) 

3  554.55 

161)278 

196079 

1 

3 

0.01.30 

0.00660 

0.0729 

-2.180 

B 

i 

111 

Is  2s—  ls8p 

'.s_'p° 

(9) 

3296.77 

166278 

196602 

1 

3 

0.00901 

0.00440 

0.0478 

-  2,356 

B 

7 

16 

Is  2  s—  ls9p 

•S-'P0 

3258.28 

166278 

196960 

1 

3 

0.00650 

0.00310 

0.0333 

-  2.508 

B 

i 

20 

ls2s  —  Is  10/ 

'S-'P° 

3231.27 

166278 

197216 

1 

3 

0.00490 

0.00230 

0.0215 

-  2.638 

B 

t 

21 

ls2p—  ls3s 

'P°-'S 
( 13) 

7281.35 

1711.35 

181865 

3 

1 

0.181 

0.0480 

3.45 

-0.842 

A 

2 

22 

ls2p  —  lsls 

'P°-'S 

(47) 

5047.74 

171135 

190940 

3 

1 

0.0655 

0.00834 

0.416 

-  1 .602 

A 

4 

23 

ls2p—  Is. 3s 

'P°_'S 

(30) 

4437.55 

171135 

193663 

3 

I 

0.0313 

0.00308 

0.135 

-  2.03 1 

B 

c  a 

24 

ls2p  —  Is  6s 

'P°-'S 

4168.97 

171135 

195115 

3 

1 

0.0176 

0 00153 

0.06.30 

-  2,3.38 

A 

i 

(32) 


11 


He  I.  Allowed  Transitions  —  Continued 


N... 

Transit! 

Array 

Multiple! 

X(A» 

/■-,(<' ni  'i 

A’»(cm  ') 

-f 

1.41,(10"  sec  '! 

1 

/<*■ 

•Slat.u.) 

\»  ru- 

r.i<  \ 

Siiurcr 

25 

ls2p  —  1*7* 

>P°-'S 

(54) 

4023.97 

171135 

195979 

3 

i 

0.0109 

8.81  x  10  4 

0.0350 

-2.578 

B- 

. 

26 

ls2p  —  ls&s 

|p°-ts 

(57) 

3935.91 

1 71135 

196535 

3 

i 

0.00718 

5.56  x  10  4 

0.0216 

-2.778 

B' 

4 

27 

h2p  —  Is3t/ 

'P°  — 'D 
(46) 

6678.15 

171135 

186105 

3 

t 

5 

j  0.638 

0.711 

46.9 

0.329 

A 

2 

28 

Is2p  —  Is4</ 

(48) 

4921.93 

171135 

191447 

3 

5 

1 

|  0.202 

0.122 

5.95 

-0.435 

A 

t 

29 

ls2p—  ls5d 

■r-'D 

(51) 

4387.93 

171135 

193918 

1 

3 

5 

0.0907 

0.0436 

1.89 

-  0.883 

A 

4 

50 

l*2p  —  ls6d 

'P°-'D 

(53) 

4143.76 

171135 

5 

195261 

3 

5 

0.0495 

0.021.3 

0.870 

-1.195 

B 

m 

51 

ls2p—  ls7d 

'P0-'!) 

(55) 

4009.27 

171135 

196070 

3 

5 

0.0279 

0.0112 

0.414 

-  1.473 

C* 

8 

52 

ls2p—  li8r/ 

'P°-,D 

(58) 

3926.53 

171135 

196596 

3 

5 

0.0195 

0.00750 

0.291 

-  1.648 

A 

4 

35 

\s‘2p—  ls9r/ 

'P°-'D 

(60) 

3871.79 

171135 

196956 

3 

5 

0.0126 

0.00471 

0.180 

-  1.8.50 

( 

8 

54 

l*2p  —  hlOd 

'P°-'D 

(62) 

3833.55 

171135 

197213 

3 

0.0097! 

0.00357 

0.135 

-  1.971 

A 

t 

55 

1  s3.s  —  li3p 

*S  —  'P° 

[74351] 

184865 

186310 

1 

3 

0.00253 

0.62V 

154 

-0.201 

A 

2 

36 

1*3*  —  !*4p 

•S-fP° 

15083.7 

! 84865 

191493 

1 

3 

0.0137 

0. 1 40 

6.95 

-  0.854 

B 

2 

37 

1  s3s  —  ls5p 

ls,_.p= 

(70i 

11013.1 

184865 

1 9.39  43 

1 

3 

0.00956 

0.0521 

1.89 

-  1.283 

B 

ra 

38 

1*3*  —  1 «.6p 

'S_'P° 

(71) 

9603.42 

184865 

195275 

1 

3 

0.00564 

0.0234 

0.739 

-  1.631 

B 

9 

39 

1  *3p  —  1*4* 

1  —  >s 

21132.0 

186210 

190940 

3 

1 

0.0459 

0.103 

21.4 

-0.512 

B 

ra 

40 

l*3p  —  1*5* 

lp°_ls 

[13411.8] 

186210 

19.W>4 

3 

1 

0.0202 

0.0182 

2.41 

-  1.263 

B 

ra 

41 

ls3p—  ls6s 

'P°  —  'S 
(87) 

11225.9 

186210 

195115 

3 

1 

0.0110 

0.00690 

0.765 

-  1.684 

B 

ra 

12 

l*3p  —  1*4<7 

«p°— '!) 

19089. 1 

186210 

191447  1 

3 

5 

0.0711 

0.647 

122 

0.288 

B 

ra 

43 

l*3p  —  l*5r/ 

*P°  —  'I) 

1 2968. 4 

186210 

193918  ' 

3 

.> 

0.0331 

0.139 

17.8 

-0.380 

B 

ra 

44 

ls3p—  1*6</ 

1P°-'D 

(88) 

11045.0 

186210 

195261 

3 

5 

0.0181 

0.0553 

6.03 

-0  '"0 

B 

ra 

45 

1*3</  —  ls3p 

'l)-'P° 

[957600] 

186105 

186210 

.) 

3 

1.68  x  10  « 

0.01.39 

219 

-  1.158 

B 

2 

46 

1*3<(  —  ls4p 

M)-'P0 

18555.6 

186105 

191447 

5 

3 

0.00277 

0.00858 

2.62 

-  1.368 

C4 

2 

17 

laSri  —  l*5p 

>I)-'P° 

12755.7 

186105 

19.3943 

3 

3 

0.00127 

0.00186 

0.390 

-  2.032 

B 

ra 

48 

1  *3(/  —  1  *6p 

■f)  —  >P° 

10902.2 

186105 

195275  1 

5 

3 

9.23  X  10  4 

9.86  X  10  4 

0.177 

-2.307 

B 

9 

49 

1  s3r/  —  ls4/ 

'  1 )  — '  F° 

18696.9 

186105 

191452  1 

5 

7 

0.138 

1.01 

312 

0.705 

B 

ra 

50 

l.s3(/~  1*5/ 

'  I )  — '  F° 

12790.3 

186105 

193921 

5 

7 

0.0461 

0.158 

33.3 

-0.102 

B 

m 

51 

I*3(/—  l.sf if 

■1)  -  ‘F° 
(84) 

10917.0 

186105 

195263 

5 

7 

0.0212  1 

0.0529 

9.51 

-0.577 

B 

ra 

12 


He  I.  Allowed  Transitions  —  Continued 


No 

1  rjti-iiioii 

Multi|il<-t 

AlAl 

F, trill  ') 

F.tlrni  9 

— 

S' 

gk 

/4*,l  10"  si-c  '1 

f* 

.Sial.u.t 

l"g  gf 

Arm- 

S»ur«  «• 

Aira> 

rac> 

52 

1  s  4s  —  Is  4/i 

[180%0] 

190940 

191493 

1 

.3 

5.79  X  10  4 

0.85.3 

508 

-0.069 

B 

M 

5.3 

ls4s  —  1 s5p 

IS_  i|*° 

[33299] 

190940 

19.394.3 

1 

3 

0.00302 

0.151 

16.5 

-0  822 

B 

ra 

54 

ls4s  —  ls6 p 

iS-'l” 

[23063] 

190940 

195275 

1 

3 

0.00250 

0.0509 

4.55 

-  1.222 

B 

ra 

55 

ls4p  —  ls5s 

1 1 »°  _  1  s 

[46053] 

191493 

10366-1 

.3 

1 

0.0150 

0.159 

72.2 

-  0.322 

B 

ra 

50 

1  s4p  —  Is  6s 

[27600] 

19149.3 

195115 

3 

1 

0.00721 

0.0274 

7.48 

-  1.085 

B 

ra 

57 

lsl/>  —  157a 

'1>°_'S 

[22284] 

19149.3 

105079 

3 

1 

0.004.38 

0.0109 

2.39 

-  1.487 

B 

ra 

58 

1a  1  p  —  \srttl 

ll>°_'l) 

[41216 j 

10140.3 

193018 

3 

3 

0.015.3 

0.6-40 

261 

0.280 

B 

ra 

5" 

ls4p  —  1s6i/ 

ll»°_  II) 

[26531] 

10140.3 

105261 

3 

3 

0.00861 

0.152 

39.7 

-  0.3 12 

B 

ra 

60 

ls4p  —  1s7</ 

ll>0_ll) 

[21841] 

19140.3 

196070 

.3 

3 

0.00533 

0.0635 

1.3.7 

-0.720 

B 

ra 

61 

1s4</  —  1a  4/; 

•1)  —  ,1J’> 

[2.16X10"]  101447 

101493 

3 

.3 

5.70  x  1()-7 

0.0240 

856 

-  0.920 

* 

ra 

62 

ls4i/—  ls5p 

'D-T 

[40053] 

101447 

19394.3 

3 

3 

0.001% 

0.0240 

15.8 

-  0.922 

B 

ra 

63 

lsW—  1a  6/i 

•D-T0 

[26113] 

191447 

105275 

3 

.3 

7.85  X  10  4 

0.00482 

2.07 

-  1.618 

B 

ra 

64 

ls4<f  ~  ls4 / 

*11- 'F° 

[1.82  x  10T]  101447 

101452 

3 

7 

3.63  x  10-'* 

0.00253 

757 

-  1.899 

B 

ra 

65 

ls4</~  1a5/ 

■1)  —  "F° 

[40396] 

101447 

103021 

5 

7 

0.0259 

0.887 

590 

0.647 

B 

ra 

66 

1s4c/~  1a6/ 

■D-'F0 

[26198] 

101447 

105263 

r* 

i 

0.0130 

0.187 

80.7 

-  0.029 

B 

ra 

67 

1s4,/-1s7/ 

■D-T 

[21617] 

191447 

196071 

3 

7 

0.00734 

0.0710 

25.6 

-  0.444 

B 

ra 

68 

1s4/~  1a5(7 

'F°—  'D 

f 40536] 

191452 

103918 

i 

3 

5.20  x  10-J 

0.00015 

8.55 

-  1.19.3 

B 

ra 

60 

1a4/—  1s6</ 

'F°  —  *1) 

[26248] 

191452 

195261 

7 

- 

.> 

2.49  x  10-4 

0.00184 

1.11 

-1.891 

B 

ra 

70 

£ 

to 

1 

1 

to 

CM 

to 

umo 

1 50856 

169087 

3 

9 

0.1022 

0.5.391 

57.66 

0.2088 

AA 

i 

(1) 

10830.3 

150856 

169087 

.3 

.3 

0.1022 

0.2094 

32.03 

-  0.0466 

A  A 

Is 

10830.2 

1 59856 

169087 

3 

.3 

0.1022 

0.1797 

19.22 

-  0.2684 

A  A 

Is 

10820.1 

150856 

169088 

.3 

1 

0.1022 

0.03990 

6.407 

-  0.7454 

A  A 

Is 

7 1 

1a 2s  -  ls3p 

>s  _;,i>o 
<  2 1 

3888.65 

159856 

185565 

3 

9 

0.09478 

0.06446 

2.476 

-0.71.36 

A  A 

1 

72 

ls2s  —  ls4p 

3187.74 

150856 

191217 

.3 

9 

0.0505 

0.0231 

0.727 

-  1.159 

H 

2 

(31 

73 

ls2s  — ls5p 

:1S  — | ,o 
111  uv> 

2045.10 

159856 

19.3801 

3 

0 

0.029.3 

0.0114 

0.332 

-  1.465 

B 

i 

74 

ls2s  — ls6p 

_  ^|>° 
(12  uv) 

2829.07 

159856 

19519.3 

3 

y 

0.0169 

0.00608 

0.170 

-  1.739 

B 

i 

75 

ls2s  —  ls7p 

—  :,i>o 

2763.8 

159856 

106027 

3 

0 

0.01 1 1 

0.00.381 

0.104 

-  1.942 

B 

7 

76 

ls2s  — ls8p 

3^  _  3P° 

2723.2 

159856 

196567 

3 

9 

0.00780 

0.00260 

0.0700 

-2.108 

B 

i 

77 

ls2s  — lsOp 

_  3|>o 

26%.  1 

159856 

196935 

3 

0 

0.00550 

0.00180 

0.0479 

-  2.268 

B 

l 

78 

Is  2s  —  IslOp 

3^  _  :i|>° 

2677.1 

150856 

1071% 

3 

y 

0.00404 

0.00130 

0.0344 

-2.409 

B 

7 

70 

ls2p  —  ls3s 

3|)°_  .1^ 

7065.3 

169087 

183237 

9 

3 

0.278 

0.069.3 

14.5 

-0.205 

A 

2 

(10) 

7065.10 

160087 

18.32.37 

5 

.3 

0.154 

0.0693 

8.06 

-  0.460 

A 

Is 

7065.10 

160087 

183237 

.3 

3 

0.0925 

0.0692 

4.83 

-  0.683 

A 

Is 

7065.71 

169088 

1832.37 

1 

3 

0.0308 

0.0692 

1.61 

-1.160 

A 

Is 

13 


He  l.  All,  •wed  Transitions  —  Continued 


No, 

Transit  i*>n 
Array 

Mulliplt'l 

XI  \l 

f.Orin  1 ) 

i 

4t,i  lO"  m  <  ') 

fik 

— . 

.S,  ai.u.) 

T 

'"4  Kf 

\<  ,-u- 
ra<\ 

Stiurr,' 

80 

ls2p  —  ls4s 

3  J>°  _  3s^ 

(12) 

4711.2 

100087 

160268 

6 

.3 

0.106 

0.0118 

1.65 

-0.673 

B 

1 

81 

ls2p  —  ls5s 

-ip°  _  3y^ 

(16) 

4120.8 

100087 

163347 

6 

■) 

.  1 

0.0430 

0.0036.5 

0.116 

-  1.183 

B 

cii 

82 

Is2p  —  ls6s 

3j»o_3^ 

(20) 

18f>7.1  j 

100087 

1646.36 

6 

3 

0.0236 

0.00176 

0.302 

-  1.800 

B 

ra 

83 

ls2p  —  ls8s 

;ip°_3S 

(27) 

101 2.0 

100087 

166461 

6 

3 

0.0108 

7.21  x  10  4 

0.0780 

-2.188 

B 

4 

84 

ls2p  —  Is  10s 

3pc_JS 

(33) 

3562.65 

100087 

167145 

6 

3 

0.00.543 

.3.1.5  x  10  1 

0.0364 

-  2.508 

B 

1 

85 

ls2p—  ls3</ 

3|)°_3[) 

(11) 

1871.7 

100087 

186102 

6 

15 

0.706 

0.606 

106 

0.736 

A 

2 

86 

ls2p—  ls4J 

3|K._3|) 

(14) 

4171.1 

100087 

161445 

6 

15 

0.251 

0.125 

16.6 

0.052 

A 

4 

87 

ls2p—  ls5d 

3|»o_3|) 

(18) 

4020.2 

100087 

163617 

6 

15 

0.117 

0.0474 

5.66 

-0.370 

A 

4 

88 

ls2p—  1  sOd 

3[»°  _  1[) 

(22) 

1810.0 

100087 

165260 

6 

15 

0.0586 

0.0215 

2.43 

-0.714 

B 

ca 

86 

ls2p—  ls7rf 

(270 

1701.0 

100087 

166070 

6 

15 

0.0444 

0.0152 

1.67 

-  0.864 

C> 

8 

60 

ls2p—  ls8</ 

r,po_3[) 

(28) 

1014.2 

100087 

166565 

6 

15 

0.0261 

0.00862 

0.628 

-  1.110 

A 

4 

61 

Is2p-ls9<f 

3p=>_3D 

(31) 

1187.1 

100087 

166955 

6 

15 

0.020.5 

0.00660 

0.702 

-1.226 

C* 

8 

62 

ls2p—  lslO,) 

'P°-:,l) 

(34) 

1114.4 

100087 

167213 

6 

15 

0.0131 

0.00414 

0.436 

-  1.426 

A 

4 

63 

ls3s—  ls3p 

■*S  —  ■’ l*° 

[42947] 

183237 

18556.5 

3 

6 

0.0108 

0.866 

380 

0.426 

A 

2 

64 

i.s3s  —  lslp 

12528 

183237 

161217 

.3 

6 

0.00608 

0.0426 

5.31 

-  0.860 

B 

2 

ls3s  —  ls5p 

■iS_  ip° 

,67) 

6463.57 

18.3237 

16.3801 

3 

6 

0.00608 

0.0245 

2.26 

-1.134 

B 

ca 

66 

1 s3s  —  1 s6p 

|>S  —  ip° 
168) 

8361.77 

1832.37 

165163 

3 

6 

7.16X  10  ' 

0.00225 

0.186 

-2.170 

B 

6 

67 

ls3p  —  ls4s 

sp0_iS 

21120 

!  1 85565 

160268 

6 

3 

0.0652 

0.14.5 

61.0 

0.117 

B 

CII 

68 

ls3p  —  Is  Ss 

:ip°  _  »S 

12846 

185565 

163.347 

6 

3 

0.0266 

0.0222 

8.45 

-  0.666 

B 

ca 

66 

ls3p  —  ls6s 

:ip°_:*S 

(73) 

10667.6 

1 85565 

164636 

| 

6 

.3 

0.0142 

0.00810 

2.56 

-  1.137 

B 

ca 

1  (K) 

Is3p—  ls7s 

(77)) 

6702.66 

1 85565 

165808 

6 

3 

0.00858 

0.00404 

1.16 

-  1.440 

B 

ca 

101 

Ls3p—  ls.'W 

'Pn-'D 

[186200] 

187565 

186102 

6 

15 

1.28  x  10  4 

0. 1 1 1 

613 

0,000 

A 

2 

102 

ls3p—  l.vW 

17002 

1 85565 

161445 

6 

15 

0.0668 

0.482 

243 

0.638 

B 

ca 

103 

ls3p  —  1  s7)(/ 

•  [»-_*() 

11666.1 

1 85565 

163617 

6 

17, 

0.0.343 

0.123 

13.5 

0.04.3 

B 

ca 

(7  2) 
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He  I.  Allowed  Transitions'—  Continued 


f 

— 

— 

1 1  jii'iiit.'ii 

•\rra> 

Muiiipl.t 

Ai  \t 

A.'icm  'i 

/■/u  rn  ') 

.44,(I0“m  <  !i 

J,k 

.Slal.u.t 

'"K 

AnU- 
rat  > 

N  )ii  ret 

lot 

1  s3 p  —  1  s6</ 

:il>°  —  *1) 

( 71) 

10311 

185565 

19527(0 

9 

15 

i 

0.0197 

0.0524 

16  0 

-  0  .327 

B 

ra 

n»r> 

ls3f/—  Is  t/< 

*1)  —  !l*° 

19543 

187)102 

191217 

15 

9 

0.00597 

0.0205 

19.8 

-0.512 

<:• 

2 

106 

ls3(/  —  Is  5/i 

;lI)  —  :,l>0 

!  12985 

186102 

193801 

15 

9 

0.00274 

0.00415 

1 

2.66 

-  1.206 

B 

ra 

107 

ls3</  —  Is  6/< 

•D-  ‘P° 

(78i 

10996.6 

1 

186102 

195193 

15 

9 

5.7)7  x  10  4 

6.17  x  10  4 

0.3.35 

-  2.034 

B 

9 

108 

l.s.W—  1st/ 

1 

>I)-'F° 

18f>86 

186102 

191452 

15 

, 

21 

0.139 

1.02 

937 

1.183 

B 

ra 

109 

L-3 d-  Ishf 

<|)-'P 

12785 

136102 

193921 

15 

21 

0.0462 

0.158 

100 

0.376 

B 

ra 

110 

ls3</ --  ls6/ 

■'*{) — :,F° 
(79) 

10912.9 

! 86102 

195263 

15 

21 

0.0212 

0.0531 

28.6 

0.099 

B 

ra 

111 

Is  4s  —  Is  t/i 

•'S  -  'I*0 

[ 108800] 

190298 

191217 

3 

9 

0.00227 

1.21 

1300 

0.560 

B 

ra 

i  12 

ls4s  —  Is5p 

-'S  —  '|»° 

[28542] 

190298 

193801 

3 

9 

0.09128 

0.0168 

13.2 

-  0.852 

B 

ra 

113 

ls4s  —  ls6p 

[20425] 

190298 

195193 

a 

9 

0.00 J47 

0.0276 

5.57 

-  1 .082 

B 

ra 

lit 

ls4p  —  Is5s 

:,|*° — :,S 

[46936] 

191217 

193347 

9 

3 

0.0202 

0.223 

310 

0.302 

B 

ra 

115 

1  s4p  —  1  s6s 

[26881] 

191217 

194936 

9 

3 

0.00925 

0.0334 

26.6 

—  0.522 

B 

ra 

116 

is4p  —  Is  7s 

[21494] 

191217 

195868 

9 

3 

0.00543 

0.0125 

7  99 

-  0.947 

B 

ra 

117 

ls4p—  ls8s 

.ipo_;)s 

[19063] 

191217 

196461 

9 

3 

0.00340 

0.00618 

3.49 

-1.255 

B 

ra 

118 

lstp  —  ls4</ 

[439440] 

191217 

191445 

9 

15 

4.15  X  10'5 

0.200 

2610 

0.2.56 

B 

ra 

119 

ls4p—  ls5r/ 

[37026] 

.'91217 

193917 

9 

15 

0.0129 

0.442 

485 

0.600 

B 

ra 

120 

lstp  —  Is6<7 

•  |>#_  «I) 

[24727] 

191217 

195260 

9 

15 

0.00795 

0.121 

89.0 

0.039 

B 

ra 

121 

ls4</— Is5p 

[42430] 

191445 

193801 

15 

9 

0.00333 

0.0539 

113 

-0.092 

B 

ra 

122 

Is4(/— ls6p 

[26671] 

191445 

195193 

15 

9 

0.00160 

0.0i02 

13.5 

-0.813 

B 

ra 

123 

1  s4</  —  Is  4/ 

;  [1.39X10*]  191445 

191452 

15 

21 

8.15X  10  10 

0.00331 

2270 

-  1.305 

B 

ra 

124 

ls4(/—  1  s.y 

‘D-'P 

[40365] 

191445 

193921 

15 

21 

0.0260 

0.888 

1770 

1.125 

B 

ra 

125 

1  s  W  -  ls6/ 

:'I)_'P 

[26185] 

191445 

195263 

15 

| 

21 

0.0130 

0.187 

242 

0.448 

B 

ra 

126 

ls4</—  ls7/ 

■'1 )  —  'P 

[21608] 

191445 

196071 

15 

21 

0.00734 

0.0720 

76.8 

0.033 

B 

ra 

127 

ls4/—  Is  5(7 

:,F°- ''[) 

[40550] 

191452 

193917 

21 

15 

5.25  x  lO  4 

0.00924 

25.9 

-0.712 

B 

ra 

128 

1st/-  ls6(7 

[26251] 

191452 

195260 

21 

15 

2.51  x  10-4 

0.00185 

3.36 

-  1.410 

B 

ra 

15 
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LITHIUM 
Li  1 


Ground  State 


l.s22s  2S,  , 


Ionization  Potential 


5.390  e\  =  43487. 19  em  1 


Allowed  Transitions 

List  of  tabulated  lines: 


Wavelength  [A] 

No. 

Wavelength  [A] 

- ! 

\... 

; 

Wavelength  [A] 

\o. 

2333.94 

12 

10510.6 

28 

28417 

38 

2340.16 

11 

10792.1 

21 

38081 

40 

2348.22 

10 

10919.1 

33 

40294 

45 

2358.92 

9 

11032  1 

24 

40562 

47 

2373.55 

8 

12237.7 

27 

41791 

12 

2394.36 

i 

12793.3 

32 

47804 

50 

2425.41 

6 

12928.9 

30 

546.3.3 

37 

2475.06 

- 

•> 

13557.8 

23 

68592 

34 

2562.31 

4 

17546.1 

26 

70.319 

53 

2741.19 

18586.8 

36 

74379 

56 

3232.63 

2 

18703.1 

31 

75010 

57 

3985.5 

16 

19274.8 

29 

77145 

54 

4132.6 

19 

24464.7 

22 

102850 

51 

4273.1 

15 

24971 

35 

139610 

19 

4602.9 

18 

25197 

41 

279490 

25 

4971.7 

14 

26201 

46 

65(X)00 

.39 

6103.6 

17 

26260 

48 

12610(H) 

52 

6707.8 

1 

26536 

43 

1.04  X  10' 

8126.4 

— 

" 

26877.8 

L 

20 

1.47  x  10: 

44 

The  transition  probabilities  for  the  2s  — 2p,  2p  —  3s,  2p  —  3d,  3s  — 3p,  and  3p  —  'Ad  transitions 
are  taken  from  the  dipole  length  calculations  of  Weiss  jl).  The  values  for  the  2s  —  np  (n  =  3  .  .  .  13) 
transitions  are  selected  from  the  anomalous  dispersion  measurements  of  Filippov  [2]  normalized 
to  Weiss* /-value  for  the  resonance  transition  2s  — 2p.  For  this  series,  preference  is  given  to 
Filippov's  experimental  values  since  the  theoretical  methods  show  strong  cancellation  effects  in 
the  transition  integral.  Uncertainties  of  not  more  than  10%  are  indicated  by  the  very  good  agree¬ 
ment  of  the  selected  material  with  other  determinations. 
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Li  I.  Allowed  Transitions 


N., 

- =| 

!  raiiMlion 

Arrav 

’ 

Multiple! 

A!  A) 

A, (cm  *i 

AVlcrn'1! 

P* 

.-/t.iscc  ') 

Jik 

.S'tal.u.) 

If):  K< 

1 

i 

racy 

Source 

1 

2s  —  2p 

-\S  _  2 j>° 
111 

U 7(17* 

0.00 

14903.9 

2 

6 

3.72  x  10J 

0.75.3 

x\.:< 

0.178 

A 

1 

2 

2s  -  3p 

(2) 

3232.63 

0.00 

1 

30925.4 

2 

6 

1.17  x  10" 

0.00552 

0.117 

-  1 .957 

B 

2 

2  s  —  4 ,p 

_  2|»° 

(1  uvl 

2741.19 

0.00 

36469.6 

2 

6 

1.42  x  10*; 

0.00480 

0.0866 

-2.018 

B  i 

2 

4 

2  s  —  5p 

2S  -  -T° 
(2  uv) 

2.562.31 

0.00 

39015.6 

2 

6 

1.07  x  10* 

0.00316 

0.0533 

-2.199 

B 

2 

2s  —  6p 

*S  -  2P° 
(3  uv! 

2475.06 

0.00 

40390.8 

2 

6 

6.97  x  105 

0.00192 

0.0313 

•2.416 

B 

2 

6 

2s  —  7  p 

•js;  _  2j)° 

'1  uv) 

2425.41 

0.00 

41217.4 

2 

6 

4.84  x  105 

0.00128 

0.0204 

-  2.592 

B 

2 

4 

2s  -  8 p 

2*^ _ 2p° 

(5  uv) 

2394.36 

0.00 

41751.6 

2 

6 

3.55  x  105 

9.16  x  10  4 

0.01 4-t 

-  2.737 

li 

2 

8 

2s  —  9/> 

2S-2P° 

2373.55 

0.00 

42118.3 

2 

6 

2.68  x  iO5 

6."9  x  IO'4 

0.0106 

-2.867 

B 

2 

9 

2  s  —  1 0/) 

2^  __  2|)° 

2358.92 

0.00 

42379.2 

2 

6 

2.09  x  105 

5.22  x  10-4 

0.0081 1 

-  2.981 

B 

2 

10 

2  s -lip 

2348.22 

0.00 

42569.1 

2 

6 

1.65  x  IO5 

4.08  X  10~4 

0.00631 

-  3.088 

B 

2 

n 

2s  —  1 2  p 

2S-sF0 

2340.16 

0.00 

42719.1 

2 

6 

1.34  X  10s 

3.29  x  IO"4 

0.00507 

-3.182 

B 

2 

12 

2s  —  1 3  p 

JS_2p° 

2333.94 

0.00 

428.32.9 

2 

6 

1.09  x  10s 

2.67  x  10  4 

0.00410 

-  3.273 

B 

2 

13 

2p  —  3s 

2P°-2S 

(3) 

HI  26.4 

14903.9 

27206.1 

6 

2 

3.49  x  107 

0.115 

18.5 

-0.160 

B  + 

1 

14 

2p  —  4s 

2|)°_2g 

(5) 

497/. 7 

14903.9 

35012.1 

6 

2 

1.01  x  107 

0.0125 

1.23 

-  1.126 

B 

•  a 

13 

2p  —  5s 

2P°--S 

4273./ 

14903.9 

38299.5 

6 

2 

4.60  x  10" 

0.00120 

0.355 

-  1.599 

B 

ca 

16 

2p  —  6s 

2p° _ 2^ 

3985.5 

14903.9 

39987.6 

6 

2 

2.50  x  10" 

0.00198 

0.156 

-  1.924 

B 

ra 

17 

2p  —  3(/ 

2P°-2D 

(4) 

6/03.6 

14903.9 

31283.1 

6 

10 

7.16  X  107 

0.667 

80.4 

0.602 

B  + 

i 

18 

2  p  —  4</ 

2P°  — 2D 
(6) 

4602.9 

14903.9 

3662.3.4 

6 

10 

2.30  x  107 

0.122 

11.1 

-0.137 

B 

ra 

19 

2p  —  5(/ 

2P°-2I> 

4/32.6 

14903.9 

39094.9 

6 

10 

1.06  x  107 

0.0453 

3.70 

-  0.566 

B 

ca 

20 

3s  —  3p 

2S-2P° 

26877.8 

27206.1 

30925.4 

2 

6 

3.77  x  10" 

1.23 

217 

0.389 

B  + 

I 

21 

3s  —  4p 

2S-2P° 

[10792.1] 

27206.1 

36469.6 

2 

6 

3.69  x  102 

1.93  x  IO  4 

0.0137 

-3.41.3 

B 

ca 

22 

3p  —  4s 

*p°_*s 

:':4464.7 

30925.4 

35012.1 

6 

2 

7.46  x  10" 

0.223 

108 

0.127 

B 

ca 

23 

3p-s, 

*p°_*S 

13557.8 

30925.4 

38299.5 

6 

2 

2.76  X  10" 

0.0254 

6.80 

-0.817 

B 

ca 

24 

3p  —  6s 

*p°_*s 

1 1032.1 

30925.4 

39987.6 

6 

2 

1.44  x  10* 

0.00874 

1.90 

-  1.280 

B 

ca 

23 

3p  —  3</ 

2P°-2D 

[279490] 

30925.4 

31283.1 

6 

10 

,3.81  x  103 

0.0743 

410 

-0.351 

B 

i 

26 

3p  —  W 

2P°-’n 

17546.1 

30925.4 

36623.4 

6 

10 

6.85  x  10" 

0.527 

18.3 

0.500 

B 

ca 

27 

3p  —  5(/ 

2p=_  >i) 

12237.7 

30925.4 

39094.9 

6 

10 

3.41  x  10" 

0.128 

,30.9 

-0.116 

B 

ca 

28 

3p  —  6  d 

2P°-2D 

10510.6 

30925.4 

40437.3 

6 

10 

1.94  x  10" 

0.0534 

11.1 

-  0.  494 

B 

ca 

17 
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\o. 

i 

Transition 

Array 

Multiple! 

At  A) 

A, inn  'i 

A  *o  ni  ') 

& 

4*1 1  ‘1 

u 

T 

Slat. u.) 

Kl 

j 

\(TU- 

ra<\ 

— 

Nniri  i- 

29 

3</— 4 p 

2I)-2P° 

19274.8 

3 1 283. 1 

36169.6 

10 

6 

5.52  x  10' 

0.0181 

11.7 

-  0.7.71 

1! 

(  <1 

30 

'.id— ip 

-D— 2P° 

]!2928.9] 

31283  1 

39015.6 

10 

6 

2.31  x  10- 

0.00318 

1.18 

1  159 

1! 

rti 

31 

'.ill— if 

=D-*F° 

18703.1 

31283.1 

36630.2 

10 

1  1 

1.38  x  10' 

1.01 

625 

1.006 

H 

t  a 

32 

id -if 

-1)--F° 

1279.3.3 

31283.1 

39101.5 

10 

14 

1.63  x  10« 

0.159 

67.0 

0.201 

11 

<  a 

33 

'.id — 6/ 

-i)_2;° 

1 10919. 1  ] 

31283.1 

|40439.0| 

(0 

14 

2.11  x  10" 

0.0529 

19.0 

-0.277 

H 

ra 

34 

4  s  —  4  p 

*S-*P° 

|68592| 

35012.1 

36169.6 

2 

6 

7.72  x  10' 

1.6.3 

737 

0.51 1 

11 

r<i 

35 

Is  —  ip 

|24971| 

35012.1 

39015.6 

2 

6 

2.07  x  10‘ 

.‘>.81  x  \()~* 

0.0955 

-  2.9.35 

B 

ra 

36 

4s— 6/j 

2S-2P° 

118586.8] 

35012.1 

40390.8 

2 

6 

8.38  x  iO-1 

0.00130 

0.159 

-  2.585 

11 

ra 

37 

4 p  —  5s 

-l'c_->s 

154633) 

36169.6 

38299.5 

6 

2 

2.25  X  10" 

0.335 

.362 

0.30.3 

11 

*  a 

38 

4 p  —  6s 

|284  i  7] 

.36169.6 

39987.6 

6 

2 

9.22  x  10' 

0.0.372 

20.9 

-0.651 

B 

ra 

39 

4 p  —  4  d 

2P°— 2[) 

|650000] 

36469.6 

.Wi23.4 

6 

10 

1.28  x  10  ' 

0.1.35 

17!!? 

—  0.091 

H 

ra 

40 

■ip  —  5  d 

2P°— 2D 

138081] 

36169.6 

.39094.9 

6 

10 

1.36  x  10" 

0.191 

.372 

0. 172 

11 

ra 

41 

ip  —  (id 

,pc_,,) 

125197] 

.36169.6 

40437.3 

6 

10 

8.19  x  |0' 

0.130 

64.6 

-0.108 

11 

ra 

42 

id  —  5  p 

2I)-2P° 

|41791| 

.36623.4 

39015.6 

10 

6 

2.86  X  (O' 

0.0450 

61.9 

-0.347 

B 

ra 

43 

id— bp 

2D  — 2P° 

1265.36] 

36623.4 

40.'90.8 

10 

6 

1.39  x  10' 

0.00879 

7.67 

-  1.056 

B 

ra 

44 

id -if 

2D  — 2F° 

1 1.47  x  1()-] 

36623.4 

.366.30.2 

10 

14 

6.90  X  10  - 

0.00313 

1520 

-  i.:>o i 

B 

ra 

45 

id — 5/ 

aD— 2F° 

]  10294] 

36623.4 

.39104.5 

10 

14 

2.58  x  10" 

0.878 

1160 

0.914 

B 

ra 

46 

id—bf 

-D  — -F° 

|2620l] 

.3662.3.4 

(40439.0] 

10 

1 1 

1.30  X  10" 

0.187 

161 

0.272 

11 

ra 

47 

if—  id 

-F°--D 

(40562] 

.36630.2 

39094.9 

14 

10 

5.2.3  X  10' 

0,00922 

17.2 

-  0.889 

11 

ra 

18 

if-bd 

2F°-2D 

|26260| 

36630.2 

40437.3 

1 1 

10 

2.50  x  10' 

0.00185 

2.21 

-  1.587 

B 

<  a 

49 

5.s  —  5  p 

-’S_-’P° 

| 139610) 

38299.5 

.39015.6 

2 

6 

2.3.3  x  10' 

2.05 

1880 

0.612 

B 

ra 

50 

5s  —  bp 

2S-2P° 

147804] 

.‘38299.5 

40390.8 

2 

6 

1.72  x  10* 

0.00177 

0.557 

—  2.451 

B 

ra 

51 

ip  —  bs 

2P°_2S 

| 102850] 

.390  15.6 

39987.6 

6 

2 

8.48  x  10' 

0. 148 

911 

0.430 

B 

ra 

52 

5  p  —  id 

2P°  — 2I) 

| 1261000] 

39015.6 

3*1094.9 

6 

10 

4.78  x  !02 

0.190 

17.30 

0.057 

B 

ra 

53 

ip  —  bd 

170319] 

.39015.6 

10437.3 

6 

10 

3.98  x  10' 

0.491 

68.3 

0,170 

B 

ra 

54 

id  —  bp 

2I)-2P° 

177115] 

.39094.9 

10390.8 

10 

6 

1.42  x  10' 

0.0758 

192 

-0.121 

B 

ra 

55 

ill  —  if 

*I)-*F° 

1 1.01  x  1(F| 

.39094.9 

39104.5 

10 

11 

0.696 

0.0159 

5440 

-  0.800 

11 

ra 

56 

id—bf 

2I)-2F° 

174379] 

.39094.9 

110439.0] 

10 

1 1 

7.22  x  10' 

0.8.38 

2050 

0.924 

B 

ra 

57 

if—  bd 

2F°-2I) 

|75010] 

39104.5 

10137.3 

14 

10 

4.19  X  10* 

0.0252 

87.3 

-0.452 

It 

re 

18 
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ra 

ra 

(ii 

ra 

ra 

ra 

ra 

ra 

<  a 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

( a 

ra 

ra 

ra 

ra 

ra 

ra 

ra 

ra 


(.round  Stair 


Is2  'S,, 


Ionization  I’otentia! 


75.619  eV  =  610079  cm"' 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A] 

N<>. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

178.015 

165.3.2 

3! 

3.306.5 

17 

m.2V:> 

I 

1681.8 

11) 

3684. 1 

.39 

861.3ft 

30 

1755.5 

6 

4156.3 

14 

941.72 

29 

2605. 1 

47 

4325.7 

45 

972.31) 

34 

2657.3 

43 

46.37.8 

23 

1018.0 

37 

2674.43 

40 

4671.8 

50 

1031.9 

33 

2728.4 

52 

4678.4 

24 

1014.3 

9 

2730.7 

26 

4787.5 

19 

1093.2 

rt 

2767.1 

21 

4840.8 

48 

1102.6 

12 

2790.5 

18 

4881.3 

41 

1109.0 

8 

2952.5 

15 

5038.7 

16 

1132.0 

36 

3029.1 

46 

5484.8 

27 

1166.7 

32 

3155.4 

42 

9562.2 

3 

1 198.3 

28 

3195.8 

51 

210*41 

.38 

1237.4 

11 

3199.4 

25 

33661 

13 

1253.5 

i 

3235.7 

49 

57324 

44 

1420.7 

4 

3250. 1 

20 

21136.) 

22 

1193.2 

35 

The  values  are  selected  from  Weiss'  calculations  f  1]  or,  when  not  available,  from  tire  Coulomb 
approximation.  The  transition  probabilities  determined  by  Weiss  are  the  result  of  extensive  non 
relativistic  variational  calculations.  Values  have  been  determined  in  both  the  dipole  length  and 
dipole  velocity  approximations  and  agree  to  within  19t,  except  for  the  3p '1>0  —  3r/'D  transition 
where  agreement  is  not  as  good.  The  av  erage  of  the  two  approximations  is  adopted  [1]. 


Reference 

[I]  \\  \.  private  mminuniration  (1964). 
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Li  II.  Allowed  Transitions 


No. 

TraiiMlion 

Arras 

Multiple! 

xi  4) 

A, (cm  ‘l 

A/o  m  ‘t 

£i 

1 

46 

1 ) 

u 

.Siai  u.i 

l«>H  /;/ 

Act-ii 

rary 

Suun-t 

1 

Is*  —  ls2p 

>S  —  >P° 

(1  us) 

199.282 

0 

501816 

1 

3 

256 

0.457 

0.300 

-  0.340 

A 

1 

2 

Is*  — ls3p 

•S  —  *P° 

12  uv) 

178.013 

0 

561749 

1 

3 

77.9 

O.li: 

0.0651 

-  0.955 

\ 

1 

3 

ls2s  —  IsZo 

*S  — 1|>° 

[9362.21 

49 1 36 1 

501816 

1 

3 

0.0518 

0.21.3 

6.71 

-  0.672 

\ 

1 

4 

ls2s  —  ls3p 

<S-  «p° 

[1420.7| 

491361 

.561749 

1 

3 

2.82 

0.256 

1.20 

-0.592 

A 

1 

5 

ls2s  —  ls4p 

»s  —  *1*° 

[1093.21 

491361 

5828.32 

1 

3 

1.32 

0.0712 

0.256 

-  1.147 

B 

ca 

6 

I.s2p  —  ls3s 

'P°-  >s 

[  1755.3| 

501816 

5.58779 

3 

1 

2.(44 

0.0.314 

0.544 

-  1 .026 

B 

ca 

*7 

i 

is2p  —  ls4s 

lp°_  1^ 

[1233.51 

501816 

581590 

3 

1 

0.776 

0.(40609 

0.0754 

-  1.738 

B 

<7/ 

8 

ls2p  —  l.s5ji 

*P°  —  *s 

[1109.0] 

501816 

591984 

5 

1 

0.382 

0.00235 

0.0257 

-2.152 

B 

cu 

9 

ls2p  —  ls6s 

<p°-  \s 

[1044.31 

501816 

597574 

3 

1 

0.21 4 

0.00117 

0.0120 

-2.456 

H 

C(l 

10 

ls2p  —  l.s3/ 

■p°—  *l> 

[1681.81 

501816 

.561276 

3 

5 

10.1 

0.714 

11.9 

0,3.51 

A 

1 

11 

ls2p  —  Is  4/ 

‘I’°  —  *D 

(1237.41 

501816 

582631 

3 

5 

3.10 

0.119 

1.45 

-  0.448 

B 

ca 

12 

ls2p  —  ls5/ 

•  p°-  •{) 

[1102.61 

501816 

592508 

3 

5 

1 .37 

0.0  415 

0.452 

-  0.905 

B 

ca 

13 

1 s3s —  1 s3p 

*S  —  'P0 

|33661| 

558779 

56  i  7  49 

1 

3 

0.00710 

0.362 

40.1 

-  0,442 

B 

cu 

14 

ls3s  —  ls4p 

>S-  «p° 
(3) 

4156.3 

558779 

582832 

1 

3 

0.343 

0.267 

3.65 

-0.574 

B 

ca 

13 

ls3s  —  l.s5p 

•S-'P° 

[2952.51 

558779 

592639 

1 

3 

0.202 

0.0791 

0.769 

-  1.102 

B 

ca 

16 

ls3p  —  Is  4s 

'p°-  'S 

1 3038,71 

561749 

581590 

3 

1 

0.541 

0.0687 

3. 42 

-0.686 

B 

ca 

17 

ls3p—  Is5.s 

•I*0-  'S 

[3306.51 

561749 

591984 

3 

1 

0.252 

0.01.38 

0,449 

-  1 .384 

B 

ca 

18 

ls.3p  —  ls6.s 

'P°-  'S 

[2790.51 

561749 

597574 

3 

1 

0.1.39 

0.00542 

0.149 

-  1.789 

B 

ca 

19 

Is3p  —  Is  4/ 

*1’°  —  M) 

[4737.3] 

561749 

582631 

3 

5 

1.14 

0.654 

30.9 

0.293 

B 

ca 

20 

153/i  —  l.s.W 

[32  ).1| 

561749 

592508 

3 

.> 

0.528 

0.139 

4.48 

-0.379 

B 

ca 

21 

1  s3p  —  Is  6c/ 

'1»°  — '!) 

12767.1) 

561749 

597877 

3 

5 

0.289 

0.0552 

1.51 

-0.781 

B 

ca 

22 

ls3/  —  ls.3p 

•Il-'l’0 

[21  i.360. 

561276 

561749 

.) 

•> 

.> 

3.98  X  10 

"•  0.0160 

55.7 

-  1.097 

B 

1 

23 

1  c3 /  —  Is  Ip 

■ll-'P0 

[453/.8| 

561276 

582832 

5 

3 

0.(4471 

0.00911 

0.695 

-  1.342 

B 

ca 

24 

Is.',;/  —  I.sl/ 

'll  -  ‘F° 

[  4678.41 

561276 

582645 

5 

i 

2.21 

1  02 

78.2 

0.706 

B 

ca 

2.) 

1.5-3/-  1.5.3/ 

*i)—  *F° 

,5199.41 

561276 

592523 

5 

< 

0.736 

0.158 

8.33 

-0.102 

B 

ca 

26 

1.5.3/—  1.56/ 

'!)  —  'K° 

[2730.71 

561276 

597886 

5 

- 

0.338 

0.0528 

2.38 

-0.578 

B 

ca 

27 

1.5  2.5  —  l.s2p 

•s  -:,P° 
(1) 

5  lllt.il 

476046 

494273 

3 

9 

0.228 

0.308 

16.7 

-0.034 

\ 

1 

28 

1 .52.5  —  1 .5.3 p 

:'S  -  T° 

[1198.3[ 

476(446 

5.5950 1 

3 

9 

2.88 

0.186 

2.20 

-0.25.3 

A 

1 

29 

1.5  2.5  —  1.5  Ip 

:,S  —  :,P° 

[944.721 

476(446 

581897 

3 

9 

1.39 

0.0558 

0.521 

-0.776 

B 

ca 

30 

1  5-2.5  -  1  5.7/) 

:'S  -  T° 

[861.36| 

476(446 

5921  11 

3 

9 

0.722 

0.0241 

0.205 

-  1.141 

B 

ca 

31 

ls2p  -  1.5.3  s 

'P°—  :'S 

[  i  653.2! 

49  4273 

554761 

9 

3 

2.85 

0.0390 

1.91 

-  0.455 

B 

ca 

32 

1  5  2/)  -  1.54.5 

•*P°-:'S 

[1 166.7] 

494273 

579982 

9 

3 

1.02 

0.00697 

0.241 

-  1.202 

B 

ra 
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Li  11.  Allowed  Transitions  —  Continued 


N.. 

1  rdiiMOon 
Array 

Miihi]il<i 

A(Ai 

£,<<•  m  ‘l 

r . -  ■ 

File  in  '» 

P. 

Pt 

-4*. <  sec' I 

/.* 

.S(ai.u.t 

Wp) 

Accu¬ 

racy 

Source 

33 

ls2p  —  Is5s 

3|>=  _':is 

|1031.9| 

494273 

591 184 

9 

3 

0.490 

0.00261 

0.0797 

-  1 .630 

B 

C(l 

34 

ls2p  —  1s6a 

3P°  -  3S 

1972.30) 

494273 

597122 

9 

•1 
« » 

0.270 

0.00128 

0.0368 

-  1.939 

B 

ra 

33 

ls2p  —  1*3«/ 

:,P°-  "I) 

1 1493.2| 

494273 

561245 

9 

15 

11.2 

0.625 

27.7 

0.750 

A 

i 

36 

1 

\s2p  —  15 

*|>°_  :»D 

11132.0) 

494273 

582612 

9 

15 

3.80 

0.122 

4.08 

0.03v 

B 

ra 

37 

ls2p  —  ls5</ 

3pc  __  3[) 

11018.01 

491273 

592505 

9 

15 

1.78 

0.0461 

1.39 

-  0.382 

B 

, 

ra 

38 

ls3s  —  ls3p 

121091) 

554761 

559501 

3 

9 

0.0254 

0.509 

106 

0.184 

B 

ea 

36 

Is  3s  —  ls4p 

(2) 

3684.1 

554761 

581897 

3 

9 

0.309 

0.189 

6.86 

-0.248 

B 

ra 

40 

1  s3s  —  ls3/> 

"S  -  ;,l>0 
i4  ui'l 

2674.43 

554761 

592141 

3 

9 

0.192 

0.0617 

1.63 

-0.733 

B 

ra 

4! 

ls3p  —  ls4s 

:,p°  —  3S 
(4) 

4881.3 

559501 

579982 

9 

3 

0.71-t 

0.0850 

12.3 

-0.116 

B 

ra 

42 

l.s3p  —  ls5s 

.11)0 _ 

13155.4) 

559501 

591184 

9 

3 

0.318 

0.0158 

1.48 

-0.846 

B 

ra 

43 

ls3p  —  ls6s 

3P°-3S 

12657.3) 

559501 

597122 

9 

3 

0.172 

0.00606 

0.477 

-1.263 

! 

B 

ra 

44 

ls3p  —  ls3<7 

:>|,r  — 3D 

157324) 

559501 

561245 

9 

15 

0.00110 

0.0904 

154 

-0.090 

A 

i 

45 

ls3p  —  !s4rf 

3P°-3D 

(5) 

4325.7 

559501 

582612 

9 

15 

1.09 

0.508 

65.1 

0.660 

B 

ra 

46 

ls3p  —  ls5d 

3|>°  _.**[) 

13029.1) 

559501 

592505 

9 

15 

0.549 

0.126 

11.3 

0.054 

B 

ra 

47 

!s3p  —  ls6</ 

3J>°_  3[) 

(2605.1) 

559501 

597876 

9 

15 

0.312 

0.0530 

4.09 

-0.322 

B 

ra 

48 

ls3d  —  ls4p 

:l[)-T° 

14840.8) 

561245 

581897 

15 

9 

0.0941 

0.0198 

4.74 

-0.527 

B 

ra 

49 

1  s3d  —  ls5p 

:lI)  —  ■’P0 

13235.7] 

561245 

592141 

15 

9 

0.0391 

0.00369 

0.589 

-  1.257 

B 

ra 

30 

!  s3d  —  ls4/ 

•1D-:'F° 

14671.8) 

56 1 245 

582644 

15 

21 

2.21 

1.01 

234 

1.182 

B 

ra 

31 

ls3</—  ls3/ 

3D  — 3F° 

13195.8) 

561245 

592527 

15 

21 

0.739 

0.158 

25.0 

0.376 

B 

ra 

32 

ls3rf  —  ls6/ 

*1)  —  >F° 

[2728.4) 

561245 

597886 

15 

21 

0.339 

0.0530 

7.14 

-0.100 

B 

ra 

2i 


BERYLLIUM 

Be  I 


Ground  State 


l.s-2.v- 


'S 


Ionization  Potential 


9.320  e\  =  7.1192.2V  cm 


Allowed  Transitions 

The  results  taken  from  Weiss'  self-consistent  field  calculations  [1]  arc  estimated  to  be  accu¬ 
rate  to  10-25  percent  because  of  the  good  agreement  between  the  dipole  length  and  velocity  approx¬ 
imations  and  because  of  the  inclusion  of  configuration  interaction.  (lie  average  of  the  two 
approximations  is  adopted  [1].  Koi  the  resonance  line  the  adopted  value  is  within  10  percent 
of  the  result  of  calculations  of  Bolotin  and  Yutsis  [2],  who  include  configuration  interaction  in  a 
more  limited  way.  The  (ioulomh  approximation,  employed  lor  the  other  transitions,  is  not  con¬ 
sidered  to  be  very  reliable  lien*  since  the  lower  slate  has  the  same  principal  quantum  number  as 
the  "round  state. 
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Be  I.  Allowed  Transitions 


■- 

Transition 

Array 

Multiple! 

Al  \l 

fjnn  1  > 

f.'nieii)  ‘I 

gk 

10"  sec  !t 

fik 

.Si  al  .li.l 

gt 

Accu¬ 

racy 

Source 

1 

2s2  — 

2s2p(2S)2p 

— 1 1*° 

(1  uv  - 

2348.61 

0.0 

42565.3 

1 

3 

5.47 

1.36 

10.5 

0.133 

C-r 

1 

2 

2s2p  —  2p2 

ap° _ :i|> 

(2  uv) 

1 VmP.6 

2!  mu 

56665.8 

9 

9 

1 

4.42 

0.466 

36.6 

0.623 

C-e 

1 

.3 

•  P°-  >s 

[3455.2] 

42565.3 

71498.6 

3 

i 

2.21 

0.132 

4.50 

-  0.403 

c 

1 

4 

2s2p  — 
2s(2S)3s 

3I*°  —  :*S 

III 

332/. 2 

2!  mu 

52080.9 

9 

1 

1 

3 

0.62 

0.0.34 

3.4 

-0.51 

1) 

ra 

”> 

•|>0_'S 

(2) 

8251.10 

42565.3 

54677.2 

3 

1 

0.38 

0.13 

II 

1  —  0.41 

1) 

ra 

6 

2s2p  — 
2s(2S)3d 

T-'l) 

(.5  uv) 

:m.  6 

21  mu 

62058.6 

9 

15 

:.o 

0.16 

12 

0.15 

1) 

at 

l 

ip°_i|) 

(3) 

4572.67 

42565.3 

64428.2 

3 

o 

0.37 

0.19 

8.6 

-0.24 

1) 

ra 

H 

2.s2  />  — 

2S  >4.s 

•pc_  'S 
(4) 

4-407.61 

4256.1.3 

65245. 4 

3 

] 

0.090 

0.0087 

0.38 

-  1.58 

1) 

ra 

9 

2s2p- 
2  si  2S  i  hi 

1  _  l|) 

ir» 

3813.40 

42565.3 

68781.2 

3 

5 

0.28 

0.084 

3.2 

-  0.60 

1) 

ra 

i) 

2s2p  — 

2s  1  2S  :5s 

'P°-'S 

(6) 

3736.28 

42565.3 

69322.3 

3 

i 

0.038 

0.0027 

0.099 

-2.10 

1) 

ra 

i 

2s2p  — 
2si2S)5</ 

1  P°  —  ’I) 

(7) 

3515.5  4 

42565.3 

71002.3 

3 

3 

0.13 

0.041 

1.4 

-0.91 

1) 

ra 

Forbidden  Transitions 


Naqvi's  calculations  [!]  are  the  only  available  source.  The  results  lor  tin*  ‘P°  —  3I>0  transi¬ 
tions  are  <-'•>«•  n» ial I \  independent  of  the  ehoiee  of  the  interaction  parameters.  For  the  *1*° 

transitions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  c origination  interaction  should 
In  partially  included. 


Reference 


|1|  Naijo.  A.  \!  .  Tlir-i-  Harvard  1 19.41). 


Be  1,  Forbidden  Transitions 


No. 

Transition  Array 

Multipiet 

A<  Al 

i 

£,tcni  'l 

£*(<  nr'l 

a 

A 

Type  of 
Transi¬ 
tion 

Ak, (sec  ') 

.S'tat.u.) 

Accu¬ 

racy 

Source 

1 

2s2p  —  2si2S)2p 

:it>° _ ;*|>° 

1 

14  7  x  10TJ 

21978.25 

21979.9.3 

1 

3 

m 

5.66  x  lCr1- 

2.00 

B 

1 

i 

[12.6  x  10«] 

21979.93 

21981.28 

3 

5 

m 

2.50 

B 

1 

2 

;jpo  _  |i*o 

1 

[4856. 1 1 

1 

21978.3 

42565.3 

1 

3 

m 

1.22  x  10" 

C 

1 

1 

[4856.5 

21979.9 

42565.3 

3 

3 

m 

1.17  x  10~4 

C 

1 

J 

i 

[48.56.8 

1 

21981.3 

42565.3 

5 

3 

m 

1.19  x  10  15 

1.52  x  10  " 

C 

i 

Ground  State 


Bell 


b22s  *S,  s 


Ionization  Potential 


18.206  e\  —  146881.7  cm  1 


Allowed  Transitions 

The  values  taken  from  Weiss'  calculations  [!]  arc  estimated  to  he  accurate  to  within  10  per¬ 
cent  because  of  the  very  close  agreement  between  his  dipole  length  and  dipole  velocity  approxi¬ 
mations,  except  for  the  case  of  the  3p  —  3d  transition  where  somewhat  larger  divergencies  occur. 
The  values  calculated  with  the  dipole  length  approximation  are  adopted. 

Reference 
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Bell.  Allowed  Transitions 


No 

Tran-ation 

\rrav 

Multiplet 

\<  A  i 

A'.u  in  'i 

£»o  in  't 

fh 

gi. 

Ai, iKNrr  M 

flk 

Niat.u.) 

log  £/ 

\r«  u- 

ra«  \ 

>»»un  r 

1 

2s  — 2p 

SS-*P° 

(1) 

.11.10.6 

0.0 

119.11.2 

2 

() 

1.15 

0.505 

10.4 

0.004 

\ 

1 

2 

2s  —  3p 

2«;_;po 

(1  uv) 

1016.27 

0.0 

96497.6 

2 

6 

1.66 

0.0801 

0.549 

-0.794 

13 

I 

3 

2p  — 3s 

2po_2S 

(3  11V) 

1 776.2 

.119.1.1.2 

88231.2 

6 

2 

4.22 

0.0665 

2.33 

-  0.399 

13  + 

I 

a 

2p  — 3d 

2J»o_2[) 

(4  uv) 

1*12.4 

.1 19.1.1. 2 

98053.2 

6 

10 

11.4 

0.652 

19.5 

0.592 

B  + 

1 

5 

3s  — 3p 

S_2P° 

12004 

88231.2 

96497.6 

2 

6 

0.128 

0  839 

66.8 

0.225 

13 

1 

6 

3s—  Ip 

js-  n>o 
(2) 

3274.64 

88231.2 

118760 

2 

6 

0.143 

0.0691 

1.49 

-0.860 

13 

C(1 

*7 

t 

3p  —  is 

2|»o_2S 

(3! 

.1270.7 

96197.6 

115465 

6 

2 

0.969 

0.134 

14.0 

-0.09.3 

B 

ra 

8 

3p  — 5s 

2P°_2S 

(5) 

.1247.7 

96497.6 

127336 

6 

2 

0.410 

0.0216 

1.38 

-0.888 

B 

ra 

9 

3 p  —  3  d 

64266 

96497.6 

98053.2 

fc 

10 

7.83  x  10  * 

0.0808 

103 

—  3.314 

13 

i 

10 

3 p  — 4d 

2p°_2[) 

(4) 

4160.9 

96497.6 

1 19422 

6 

10 

1.09 

0.519 

44.7 

0.493 

B 

ra 

11 

3d -4/ 

2D— 2F° 

(6) 

4673.46 

98053.2 

ii  ms 

10 

14 

2.21 

1.01 

156 

1.006 

B 

ra 

(Jround  State 


Belli 


Is2  'S„ 


Ionization  Potential 


153.850  cY  =  1241255  cm  1 


Allowed  Transitions 

The  results  of  extensive  non-relativistic  variational  calculations  by  Weiss  [1]  are  chosen. 
\  alues  have  been  calculated  in  both  the  dipole  length  and  dipole  velocity  approximations  and  agree 
to  within  1  percent,  except  for  the  3 p  ’P°  —  3r/'D  transition  where  agreement  is  not  as  good.  The 
average  of  the  two  approximations  is  adopted  [1], 

Reference 


[1]  Weis-,  A  W.,  private  communication  1 1964). 
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Belli.  Allowed  Transitions 


No 

1  ransilion 
\rrav 

Multipici 

1 

A(  A  l 

A.', (cm  1 1 

A'llcra  ‘t 

g' 

gt 

.4t,<  lO*  sec  ’) 

u 

\ 

Slal.u.t 

i«'g  gf 

Accu¬ 
racy  | 

Source 

! 

l.v*-  ls2p 

!S-‘l 

r 

[100.25] 

0 

997466 

1 

3 

1220 

0.552 

0  182 

-0.258 

A 

1 

2 

Is*  —  ls.3/» 

'S- 

j|*o 

[88.314] 

0 

1132323 

1 

O 

362 

0.127 

0.0369 

-0.8% 

A 

i 

3 

Is2s-ls2p 

'S- 

1 1>° 

[6141.2] 

981187 

997466 

1 

3 

0.0877 

0.149 

3.02 

-0.827 

A 

i 

4 

l.s2s  —  1  v3/> 

'S  - 

1  j>0 

[398.19] 

981187 

1132323 

1 

1 

3  i 

,  42.8 

0.305 

0.400 

-0.516 

A 

i 

5 

ls2p  —  Is  .id 

1|»0_ 

'!) 

[746.70] 

997466 

[1131.389] 

3 

5 

51.0 

0.711 

5.24 

0.329 

A 

i 

6 

1  s'id—  ls.'tp 

'!)- 

1 1  >° 

[107000];' 

[1131389] 

1132323 

5 

3 

1.32  x  10  4 

0.0136 

24.0 

-1.168 

C  + 

7 

ls2s  —  ls2p 

SS— 

:t|>° 

[3721. ll] 

[9564%] 

[983357] 

3 

9 
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0.213 

7.83 

-0.195 

A 

i 

8 

ls2s  —  ls3p 

:1S  - 

;i  |  >° 

[583.01] 

[9564%] 

[1128020] 

3 

9 

16.5 

0.252 

1.45 

-0.122 

A 

i 

9 

ls2p  —  ls3d 

3|>°_ 

-3i) 

[675.66] 

[983357] 

[1131360] 

9 

15 

36.1 

0.640 

12.8 

0.760 

A 

i 

III 

ls.3p—  ls3d 

3l>°  _ 

-3D 

[29930]? 

[1128020] 

[1131360] 

9 

15 

0.00318 

0.0712 

63.1 

-0.193 

A 

_ 1 

i 

BORON 

Bl 

(i round  State  1  s22s22p  2P°i  2 

Ionization  Potential  8.296  eY '  =  66930  enr1 


Allowed  Transitions 

Ihe  values  lor  the  2a22 p  -2s2p2  (2P°  — 2D,  2S,  2P)  transitions  are  taken  from  the  calculations 
of  Bolotin  and  \  utsis  [1],  who  employ  analytical  one-electron  wave  functions.  Self-consistent  field 
calculations  of  Tsiunaitis  and  \  utsis  [2]  have  been  adopted  for  the  2 p  2P°  — 3s  2S  transition.  Since 
both  determinations  take  into  account  the  important  effects  of  configuration  interaction  only  in  a 
limited  way,  large  uncertainties  are  expected. 
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Bl.  Allowed  Transitions 


No. 

Transition 

Arrav 

Multiple! 

i 

At  A 1 

A, lein  'I 

Aiti  in  ') 

tik 

Tt,:  10'  xr  *i 

I 

u 

sl  It  u  i 

I'M  K1 

\lT|] 

Ut*\  | 

I 

SuIlM  )• 

1 

2s22p—'2s2pz 

t 

nm.i 

10 

478.57 

6 

10 

•>  •) 

0.24 

9.7 

0.15 

K 

1 
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2089.. 3  7 

15 

47857 

4 

6 

2.1 

0.21 

5.8 

-0.07 

K 

Is 

2088.84 

0 

47857 

2 

4 

1.8 

0.2.3 

3.2 

-0.33 

K 

Is 

[2089.6] 

15 

4 1 8*>  t 

4 

4 

0.36 

0.024 

0.65 

-  1  02 

K 

Is 

2 

2p<>  __  2^ 

/  >  r.v.o 

10 

6.356  i 

6 

•> 

13 

0.16 

51 

-0.01 

K 

1 

[1573.?| 

15 

6.356 1 

4 

2 

8.8 

0.16 

.3,4 

-  0.18 

K 

Is 

[1573.31 

0 

6.2  56 1  j 

2 

•) 

4.4 

0.16 

1.7 

-0,48 

Is 

.3 

2p»  _  2|> 

IX7H.7 

10 

725/3 

6 

6 

2.3 

0.66 

18 

0.6(1 

¥ 

1 

j  1 3  i  8.  <  j 

15 

72547 

4 

i 

19 

0.55 

10 

0.3 1 

K 

Is 

(1378.61 

0 

725.35 

2 

2  1 

15 

0,44 

1.0 

-0.05 

K 

Is 
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4 

2 

<  .  i 

0.11 

2.0 

-0.36 

K 

Is 

(1378.41 

0 

72547 

•> 

.3.9 

0.22 
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K 

Is 

4 

Ip  —  ( ‘S)3s 

2p° _ 2  s 

I  f 'h  i 

1  :o 

10040 

6 

2 

.3.6 

0.11 

5.5 

-0.17 

It 

2 

(1  uvl 

1 

' 

: 

2497.72 

15 

4(M440 

4 

2 

2.4 

0.11 

3.7 

-  0.35 

1) 

Is 

2496.77 

0 

41K410 

2 

•> 

! 

1.2 

0.11 

1.8 
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It 

Is 

5 

3i  —  t*S(3p 

2S-*P° 
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3 

6 
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82 
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C 
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4 

0. 1 74 

0.71 
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Is 
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4 
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7 
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55010 

6 
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2 
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Is 
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-0.424 
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Is 
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2 
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0.0182 
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4861.3 

Ml  146 

4 

•) 

0.0.32  4 
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<; 

it 

j 

L_ _ 

8667.2 

48612 

60146 

2 

2 

0.0162 

0.0182 

1.04 

-  1.438 

<: 

Is 

Forbidden  Transitions 


Naqvi's  calculation  1 1 1  ot  (lie  one  possible  transition  in  (In-  ('round  state  configuration  2p  is  (lie 
only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  sensitive!) 
depend  on  the  choice  ot  the  interaction  parameters. 

Reference 
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Bl.  Forbidden  Transitions 


Nil  transition  \rra\  Multiple!  Al.\) 

Type  uf 

A, (cm  M  Auteui  M  p,  &  Transi- 

tii  ui 

■  Is, (see  ') 

Ntat.u.) 

\een 

racy  Smiree 

1  Ip -  Ip  -ii0-T°  [66.0X10  '] 

0  15.15  2  4  in 

3.15  X  10  " 

1 ,33 

(.  1 
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Bll 


<  .round  Stair 


1  s~2s~  'S,, 


Ionization  Potential 


25.149  r\  =  202895  r in  1 


Allowed  T  ransiiions 

Kxcept  lor  the  2.s3r/ ;lI)  —  2s\J ;'F°  transition,  for  which  a  Coulomb  approximation  is  employed, 
the  values  are  taken  irom  Weiss'  self-consistent  field  calculations  [1],  The  length  and  velocity 
approximations  disagree  noticeably  —  for  the  2.s2p  ‘P0  —  2/r  *1)  transition  by  as  much  as  a  factor 
of  three.  The  average  of  the  two  approximations  is  adopted  [1],  Accuracies  within  50  percent  are 
indicated  by  the  following  comparison:  Weiss  |1]  has  undertaken  refined  calculations,  including 
configuration  interaction,  for  the  same  transitions  in  Bel— the  firs)  member  of  this  isoelectmnic 
sequence  — in  addition  to  calculations  of  the  type  done  for  tiiis  ion.  in  all  cases  the  agreement 
with  the  average  of  the  dipole  length  and  velocity  approximations  is  close. 


Reference 
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Bll.  Allowed  Transitions 


No. 

lran'itioii 

Array 
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F,(<  in  ‘i 
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& 

gk 

/ltd  10“  sec  'l 
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5 
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185 
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C 

ra 

2.vi-S)4/ 

(2) 

Forbidden  Transitions 

Naqvi’s  calculations  (lj  are  the  only  available  source.  The  results  for  the  •f,P0  —  :,P°  transitions 
are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  3P°— 'P°  transi¬ 
tions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  efleets  of  configuration  interaction  should 
be  partially  included. 


Reference 
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B II.  Forbidden  T  ransitions 
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(Ground  State  l.s-’2.s  -S,  ., 

Ionization  Potential  37.920  e\  =  30.3931 . 1  cm  1 


Allowed  Transitions 

The  values  taken  from  W  eiss'  calculations  [1|  are  estimated  to  he  accurate  to  within  10  percent 
because  of  the  very  close  agreement  between  his  dipole  length  and  dipole  velocity  approximations, 
except  for  the  case  of  the  ip  — 3d  transition  w  here  somew  hat  larger  divergencies  occur.  The  values 
calculated  with  the  dipole  length  approximation  are  adopted. 
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Bill.  Allowed  Transitions 
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(Ground  State 


Biv 


Is2  >S 


o 


ionization  Potential 


259.298  eV  =2091960  cm  1 


Allowed  Transitions 


The  results  of  extensive  non-relativistie  variational  calculations  by  Weiss  [1]  are  chosen. 
\  alues  have  been  ealculateU  in  both  the  dipole  length  and  dipole  velocity  approximations  and 
agree  to  within  1  percent,  except  for  the  Sp'l*0  —  3</'D  transition,  v. here  agreement  is  not  as  good. 
The  average  of  the  two  approximations  is  adopted  [1], 
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B  IV.  Allowed  Transitions 
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Ground  Slate 
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Ionization  Potential 


11.264  e\  =  90878.3  cm  1 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [Aj 

" 

N... 

■  ~i 

Wavelength  |A| 

No. 

Wavelength  |Aj 

No. 

945.193 

4 

1657.00 

.1 

9078.32 

29 

945.336 

4 

1657.37 

5 

9088.57 

29 

945.566 

4 

1657.89 

3 

9094.89 

29 

1260.75 

13 
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29 
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W,  I 

theoretical  determinations  by  ^  eiss  [4|  and  Bolotin  et  al,  j3],  with  which  the  experiment  is  in  marked 
disagreement  (factors  of  2-3).  Al  present  there  are  strong  indications  that  the  principal  source  of 
the  disagreement  is  the  relatively  crude  theoretical  treatment  of  configuration  interaction,  which  is 
very  critical  for  these  transitions.  Thus,  the  theoretical  results  [3.  4]  have  been  employed  only  for 
a  few  strong  transitions  for  which  no  experimental  data  are  available.  But  it  should  be  noted  that 
some  experimental  values  may  be  quite  unreliable  due  to  uncertainties  in  the  identification  of  the 
lines. 

For  the  higher  excited  transitions  in  the  visible  sever  J  experimental  investigations  are  avail¬ 
able.  Richter’s  work  with  a  carbon  dioxide  plasma  [6]  is  regarded  as  the  most  advanced  one  and 
his  results  are  principally  used.  However,  from  an  analysis  of  his  method  it  appears  very  likely 
that  the  absolute  scab*  is  shifted  due  to  a  demixing  effect  in  :he  arc  source  (see  general  introduction). 
This  is  further  substantiated  by  a  disagreement  with  the  Coulomb  approximation  by  an  almost 
constant  factor.  Since  the  Coulomb  approximation  has  given  very  reliable  results  for  3p—3d 
transitions  of  atoms  of  analogous  structure,  Richter’s  absolute  values  are  renormalized  to  give  the 
best  agreement  with  the  Coulomb  approximation  for  these  latter  type  transitions.  The  normaliza¬ 
tion  factor  of  1.30  is  then  applied  to  all  of  his  other  transitions.  The  work  of  Niaeeker  [5]  and 
Foster  [ 7],  w  hich  is  used  for  a  few  transitions  not  covered  by  Richter,  is  expected  to  be  also  subject 
to  demixing  effects  of  the  same  order  of  magnitude  or  higher,  since  these  authors  have  used  more 
complicated  gas  mixtures.  Thus,  their  results  have  been  also  fitted  to  the  scale  established  by  the 
Coulomb  approximation.  Normalization  fac  tors  of  2.50  and  1.40  are  used,  respectively. 

Finally,  two  intercombination  lines  are  taken  from  a  recent  paper  by  Garstang  ( 1  ],  who  per¬ 
formed  intermediate  coupling  calculations  and  normalized  the  values  to  a  scale  obtained  from  the 
Coulomb  approximation. 
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Forbidden  Transitions 


The  adopted  values  are  selcs  ted  from  Tab  ulations  by  Garstang  ( 1  ].  Naqvi  |2j,  and Y  amanouelii 
and  Horie[3],\vhieli  are  \ery  similar  in  character.  All  electric  quadruped*-  values  are  taken  from 
Garstang  [lj,  since  his  estimate  of  s,t  appears  to  be  the  most  advanced  one.  For  most  magnetic 
dipole  lines,  values  could  be  taken  from  Garstang  (lj,  as  well  as  from  Naqvi  |2J.  and  Y  amanouelii 
and  Horie  (3),  who  all  arrive  at  identical  results.  Only  for  the  ‘P — 1 S  transition,  for  which  configu¬ 
ration  interaction  is  important,  a  difference  occurs.  In  this  case  the  results  of  Garstang  [1),  and 
Y  amanouelii  and  Horie  [3]  are  selected,  since  they  represent,  acc  ording  to  a  later  study  by  Garstang 
[4J,  the  best  available  approximation  I  see  also  the  general  introduction). 
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(.round  Slate 


lsu2s*2p  2J,=,  2 


loni/.alion  Potential 


24.376  <4  ~  196659.0  cm  1 


Allowed  Transitions 


List  of  tabulated  lines: 
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Self-consistent  field  calculations  by  Weiss  [1J,  and  Biermann  and  Liibeck  [3],  and  a  high  current 
arc  experiment  by  Maecker  [2]  are  utilized  for  the  tabulation.  The  results  for  the  lower  and  mod¬ 
erately  excited  transitions  should  be  quite  uncertain  because  in  th<  calculations  the  strong  effects 
of  configuration  interaction  arc  essentially  neglected,  and  the  experimental  work  is  subject  to  large 
systematic  uncertainties. 
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Cll.  A  Ho  wed  Transitions  —  Continued 
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1  HI  740 

209593 

20 

12 

0.92 

0.107 

25.3 

0.330 

(7 

ca 

2s2p(3P°)4-! 

(23) 

3.589.67 

181770 

209620 

8 

6 

0.74 

0.107 

10.1 

—  0.068 

<7 

Is 

3590.87 

181734 

209574 

6 

4 

0.58 

0.075 

5.3 

-0.347 

(7 

Is 

3590.87 

181709 

209550 

4 

2 

0.465 

0.0449 

2.12 

-0.75 

(7 

Is 

3.584.98 

181734 

20%20 

6 

6 

0.166 

0.0319 

2.26 

-0.72 

<7 

Is 

3587.68 

181709 

209574 

4 

4 

0.295 

0.057 

2.69 

-  0.64 

< 

Is 

3588.92 

181695 

209550 

2 

2 

0.466 

0.090 

2.13 

-0.74 

( 

Is 

3581.80 

181709 

209620 

4 

6 

0.0184 

0.0053 

0.250 

-  1.67 

<7 

Is 

3585.83 

181695 

209574 

2 

4 

0.0426 

0.0178 

0.420 

-1.450 

(7 

Is 

19 

3p-l'S)4(/ 

2I)0-2D 

2747.0 

1.11 732 

168124 

6 

10 

0.466 

0.088 

4.77 

-0.278 

<7 

ca 

(15  uv) 

2747.31 

131736 

168124 

4 

6 

0.466 

0.079 

2.86 

-  0.50 

(7 

Is 

2746.50 

13172.5 

168124 

2 

4 

0.389 

0.088 

1.59 

-0.75 

(7 

Is 

[2747.3] 

131736 

168124 

4 

4 

0.078 

0.0088 

0.318 

—  1 .454 

(7 

Is 

20 

3(/-llS)4p 

2|)_2|»o 

589 0.4 

/4555/ 

162525 

10 

6 

0.337 

0.105 

20.4 

0.022 

(. 

ca 

(S) 

5889.97 

145551 

162525 

6 

4 

0.302 

0.195 

12.2 

-0.201 

(7 

Is 

5891.65 

14.5550 

162519 

4 

2 

0.337 

0.088 

6.8 

-0.455 

<7 

Is 

[5889.4] 

145550 

162525 

4 

4 

0.0337 

0.0175 

1 .36 

-1.154 

(. 

Is 

21 

3(/-CS)4/ 

2I)  — 2F° 
(6) 

4267.2 

14555 / 

168979 

10 

14 

2.46 

0.94 

1.32 

(.97 

i  ‘ 

ca 

4267.27 

145551 

168979 

6 

8 

2.44 

0.89 

75 

0  73 

(7 

Is 

4267.02 

145550 

168979 

4 

6 

2.30 

0.94 

53 

0.58 

C 

Is 

[4267.2] 

145551 

168979 

6 

6 

0.164 

0.0447 

3.77 

-0.57 

< 

Is 

39 


CH.  Allowed  Transitions  —  Continued 


N«, 

Transit  ion 
Arrav 

Ntultiplet 

£,  Irnr'l 

£*(rm  ') 

•4a, ( 10"  see  ‘1 

J,k 

.Slai  n  I 

Kl 

Area* 
rae  y 

Source 

22 

2s2p.W- 

4P  —  Hi 

3876.7 

/ 95 786 

22/574 

28 

36 

2.66 

0.77 

275 

1 .333 

c 

C(l 

2i2pt3n4/ 

(33) 

3876.19 

195812 

221604 

10 

12 

2.67 

0.72 

92 

0.86 

< 

Is 

3876.41 

195785 

221575 

8 

10 

2.471 

0.69 

70 

0.74 

< 

Is 

3876.67 

195765 

221553 

6 

8 

2.30 

0.69 

53 

0.62 

Is 

3876.05 

195751 

22154.3 

4 

6 

2.28 

0.77 

39.3 

0.489 

< 

Is 

3880.59 

195812 

221575 

10 

10 

0.218 

0.0493 

6.3 

-  0.307 

<; 

Is 

3879.60 

195785 

221553 

8 

8 

0.360 

0.081 

8.3 

-0.187 

c 

Is 

3878.22 

195765 

221543 

6 

6 

0.365 

0.082 

6.3 

-  0.307 

<: 

Is 

[3883.8 

195812 

221553 

10 

8 

0.0080 

0.00145 

0.186 

-  1.84 

c 

Is 

[3881.2 

195785 

221.543 

8 

6 

0.0132 

0.00224 

0.229 

-  1.75 

c 

Is 

2-* 

4D°— 4F 

(36) 

4076.00 

196581 

221107 

8 

10 

2.28 

0.71 

76 

0.75 

c 

ra,  Is 

4074.53 

19657 1 

221106 

6 

8 

1.96 

0.65 

52 

0.59 

c 

ra,  Is 

24 

2D°— :F 

4411.4 

/ 98433 

22/095 

10 

14 

2.11 

0.86 

125 

0.93 

c 

ra 

(39) 

441 1 .52 

198437 

221099 

6 

8 

2.09 

0.81 

71 

0.69 

c 

Is 

4411.20 

198426 

221090 

4 

6 

1.97 

0.86 

50 

0.54 

<: 

Is 

[4413.2] 

198437 

221090 

6 

6 

0.140 

0.0410 

3.57 

-0.61 

<: 

Is 

25 

4P°— H) 

(45) 

4374.28 

198842 

221697 

6 

8 

1.99 

0.76 

66 

0.66 

<: 

CII ,  Is 

4372.49 

198864 

221727 

4 

6 

1.40 

0.60 

34.5 

0.380 

c 

ra.  Is 

4371.59 

198878 

221746 

2 

4 

0.83 

0.475 

13.7 

-  0.022 

< 

ra.  Is 

26 

2F„_2G 

4619.1 

1 99966 

22/609 

14 

18 

2.24 

0.92 

196 

1.110 

c 

ra 

(30) 

4618.9 

199984 

221628 

8 

10 

2.24 

0.90 

109 

0.86 

c 

Is 

4618.9 

199941 

22158.5 

f 

8 

2.!  6 

0.92 

84 

0.74 

( 

Is 

[4628.1 

199984 

221585 

8 

8 

0.079 

0.0255 

3.11 

-  0,69 

<: 

Is 

27 

V— («S)5 p 

2[)_jp° 

mu 

/ 4555/ 

/  75293 

10 

6 

0.121 

0.0123 

1.36 

-0.91 

c 

ra 

(7) 

3361.09 

i 4555 1 

175295 

6 

4 

0.1 09 

0.0124 

0.82 

-  1.130 

c 

Is 

3361.75 

1 45550 

175288 

4 

2 

0.121 

0.0102 

0.453 

-  1.388 

c 

Is 

[3360.9] 

1 45550 

1 7.5295 

4 

4 

0.0121 

0  00206 

0.091 

-  2.085 

<: 

Is 

28 

3d-('S'5/ 

2  J) _ 2p° 

2992.6 

/455 5/ 

178956 

10 

14 

0.90 

0.169 

16.6 

0.227 

c 

ra 

(8) 

1 

29 

4s  —  CS)4p 

*S-2P° 

IHW2 

157234 

/ 62523 

2 

6 

0.074 

1.18 

1 47 

0.373 

c 

3 

[18895] 

157234 

162525 

2 

El 

0.074 

98 

c 

Is 

[18916] 

157234 

162519 

2 

1 

0.073 

49.0 

c 

Is 

Forbidden  Transitions 

Naqvi’s  calculation  [1]  of  the  one  possible  transition  in  a  he  ground  state  configuration  2 p  is 
the  only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  sensitively 
depend  on  the  choice  of  the  interaction  parameters. 


Reference 


(1]  \aq\i,  A.  M.  Thesis  Harvard  ( 1951). 


CII.  Forbidden  Transitions 


No. 

Transition 

Array 

Mllltiplel 

A(Ai 

£,(1111  ’) 

£a(CI1I  0 

A 

Type  of 
Transition 

- - 1 

.4a, (  see  ') 

.Slat. ii.) 

Arm- 

racy 

Source 

i 

2 P~2p 

2  _ 2  p° 

[15.6  x  10s] 

0 

64 

2 

4 

m 

2.36  x  10“ 

1.33 

c 

1 

40 


Ground  State 


1 

I 


s22s2 


>S 


0 


ionization  Potential 


47.864  e\  =386213.9  cm-’ 


Allowed  Transitions 


last  of  tabulated  lines: 


Vi  avelength  1 A  ] 

No. 

Wavelength  | A J 

No. 

avelength  |  4] 

No. 

310.171 

3 

3609.% 

23 

4673.91 

15 

371.694 

H 

3609.61 

23 

5244.5 

14 

371.72 

11 

3703.52 

18 

5249.6 

26 

371.747 

11 

3883.80 

27 

5253.55 

14 

371.784 

11 

3885.99 

27 

5272.56 

14 

371.80 

11 

3886.2 

27 

56%. 0 

17 

386.203 

2 

3889.18 

27 

5857.9 

20 

459.462 

9 

3889.7 

27 

5862.8 

20 

459.521 

9 

3889.8 

27 

5871.6 

20 

459.633 

9 

4056.06 

28 

5871.8 

20 

459.64 

9 

4122.05 

24 

5880.4 

20 

538.075 

7 

4325.70 

16 

5894.1 

20 

538.150 

7 

4379.97 

25 

6727.1 

13 

538.312 

7 

4383.24 

25 

6730.7 

13 

574.279 

10 

4388.24 

25 

6742.1 

13 

690.526 

8 

4516.02 

22 

6744.2 

13 

977.026 

1 

4516.93 

22 

6762.2 

13 

1174.92 

4 

4647.40 

12 

6773.7 

13 

1175.25 

4 

4650.16 

12 

6851.2 

19 

1175.57 

4 

4650.9 

15 

6853.1 

19 

1175.70 

4 

4651.35 

12 

6857.3 

19 

1175.97 

4 

4651.8 

15 

6862.9 

19 

1176.35 

4 

4659.0 

15 

6869.1 

19 

1247.37 

6 

4663.53 

15 

6871.7 

19 

22%. 89 

5 

4665.90 

15 

6881 .4 

19 

3170.16 

21 

Values  for  the  2s2  -  2s2p  and  2s2p  —  2p2  transition  arrays  are  t^ken  from  the  self-consistent 
field  calculations  of  Weiss  [1].  These  calculations  do  not  include  the  important  effects  of  con¬ 
figuration  interaction;  hence  fairly  large  uncertainties  must  be  expected.  The  average  of  the 
dipole  length  and  velocity  approximations  is  adopted  [I],  Accuracies  within  50  percent  are 
indicated  by  the  following  comparison;  Weiss  [1]  has  undertaken  refined  calculations,  including 
configuration  interaction,  for  the  same  transitions  in  Bet  — the  first  member  of  this  isoelectronic 
sequence  —  in  addition  to  calculations  of  the  type  done  for  this  ion.  In  all  cases  the  agreement 
with  the  average  of  the  dipole  length  and  velocity  approximations  is  close. 


[1]  W  eiss,  A.  V.  private  ounnuinication  (1964). 


Reference 


CIII.  Allowed  Transitions 


. 

— 

.  - 

: - 

' 

T 

1 

No. 

Transition 

Multiplft 

Ai  A I 

') 

£>l<  m  !i 

& 

& 

.4*,!  10"  -.,.<  ') 

U 

.Slat,  it.) 

l"f:  Kl 

\<<-u 

SniiriT 

Array 

ra<\ 

1 

2s-’  — 2s(2S)2p 

■s-'r 

977.026 

0.3 

102.351 

1 

3 

19 

0.81 

2.6 

—  0.09 

1) 

1 

(1  U-) 

2 

2s2  —  2s(2S)3p 

■S-'P0 

1  336.203 

0.0 

2.58931 

1 

3 

38 

0.26 

0.32 

-  0.59 

1) 

rn 

(2  uvt 

3 

2s2  — 2s(2S)4p 

>S  —  ‘P° 

310.17 

1 

0.0 

.32240.3 

1 

3 

3.7 

0.016 

0.017 

-  1.79 

1) 

ia 

(3  uv) 

4 

2s2p  —  2p2 

ap°_3|» 

!  175.7 

524/9 

157478 

9 

9 

13 

0.26 

9.1 

0.37 

I) 

1 

<4  uv) 

1175.70 

52447 

1.37502 

5 

5 

9  4 

0.20 

3.8 

-0.01 

1) 

Is 

1 175.51 

.  1 

52.390 

1.37455 

3 

3 

.3.1 

0.065 

0.76 

-0.71 

1) 

Is 

1 1 76.35 

52447 

137455 

5 

.3 

5.2 

0.065 

1.3 

-0.49 

I) 

Is 

1175.97 

52390 

137426 

3 

1 

1.3 

0.087 

1.0 

-0.58 

1) 

Is 

1174.92 

52390 

137502 

3 

5 

3.1 

0.1! 

1.3 

-  0.49 

1) 

Is 

1 175.25 

52367 

137455 

1 

.3 

4.2 

0.26 

1.0 

-0.58 

I) 

Is 

5 

V 

o 

1 

6 

2296.89 

102.351 

1 15875 

.3 

5 

3.6 

0.47 

11 

0.15 

1) 

1 

\8  uv)  j 

6 

'P°-'S 

1247.37  j 

102351 

182520 

3 

1 

12 

0.090 

1.1 

-0.57 

1) 

1 

(9  uv) 

7 

2s2p  —  2s(2S)3s 

apo_»n 

538.23 

524/9 

238212 

9 

3 

21 

0.031 

1).  19 

-0.55 

1) 

<•</ 

(5  uv) 

i 

-0.81 

538.312 

52447 

2.38212 

5 

3 

12 

0.0.31 

0.27 

I) 

Is 

538. 150 

52390 

238212 

3 

3 

7.1 

0.0.31 

0.16 

-1.01 

D 

Is 

538.075 

52367 

238212 

1 

3 

2.3 

0.031 

0.051 

-1.51 

» 

Is 

H 

>p°_  *s 

690.526 

102351 

247170 

3 

1 

22 

0.05.3 

0.36 

-0.80 

I) 

III 

(10  uv) 

i 

9 

2r2p—  2s(2S)3<i 

ip°_  3[) 

459.57 

5241 9 

2789/3 

9 

15 

79 

0.42 

5.7 

0  57 

f) 

III 

'6  uv) 

459.6.33 

52447 

270015 

■> 

7 

79 

0.35 

2.7 

0.21 

I) 

Is 

459.521 

52.390 

27(H)  11 

.3 

5 

59 

0.31 

1.4 

-  0.03 

I) 

Is 

459.462 

52.367 

27(H)09 

1 

3 

11 

0. 12 

0.6.3 

-  0.38 

!) 

Is 

459.633 

52447 

27(H)]  1 

5 

5 

20 

0.063 

0. 17 

-0.51 

I) 

Is 

459.521 

52390 

270009 

3 

3 

33 

0.10 

0.47 

0.50 

I) 

Is 

[459.6-4] 

52447 

270009 

5 

.3 

2.2 

().(H>12 

0.0.32 

-  1.68 

1) 

Is 

10 

1 1>0  — 1 1) 

574.279 

102.351 

276483 

.3 

5 

63 

0.52 

2.9 

0.19 

1) 

rn 

( 1 1  uv) 

11 

2s2p  — 

'P°_'D 

:<7i.7: 

/ 

52419 

32/43.5 

9 

15 

34 

0.12 

1.3 

0.03 

1) 

rn 

2s(2S)4</ 

(7  uv) 

371.747 

52447 

321450 

5 

7 

34 

0.10 

0.61 

-  0.30 

I) 

Is 

371.694 

52390 

321427 

3 

5 

26 

0.089 

0.3.3 

-0.57 

1) 

Is 

371.694 

52367 

321411 

1 

.3 

19 

0.12 

0.15 

-0.92 

1) 

Is 

371.784 

52447 

.321427 

5 

5 

8.6 

0.018 

0.11 

-  1 .05 

1) 

Is 

[371.72] 

52.390 

321411 

3 

3 

14 

0.030 

0.11 

-  1 .05 

1) 

Is 

[371.80] 

52447 

321411 

5 

3 

0.96 

0.0012 

0.0073 

-  2.23 

1) 

Is 

12 

2s3s  — 

3S  — -'P° 

4648.8 

2.38212 

2.597/8 

3 

9 

0.78 

0.76 

34.9 

0.358 

<: 

III 

2s(2S)3p 

(1)  * 

4647.40 

2.38212 

259724 

3 

5 

0.78 

0.42.3 

19.4 

0.103 

<: 

Is 

4650.16 

2.38212 

259711 

3 

3 

0.78 

0.25.3 

11.6 

-0.121 

<: 

Is 

4651.35 

2.38212 

259706 

3 

1 

0.78 

0.084 

3.88 

-  0.60 

(. 

Is 

13 

2p3s  — 

••'I'0-3!) 

6740.8 

39828/ 

mi  14 

9 

15 

0.267 

0.303 

61 

0.436 

c 

I'll 

2pi2I>0)3p 

(3) 

6744.2 

308317 

323140 

5 

7 

0.266 

C.254 

28.2 

0.104 

< 

Is 

6730.7 

308248 

323101 

3 

5 

0.201 

0.227 

15.1 

-0.167 

(. 

Is 

6727.1 

308215 

.323076 

1 

3 

0.149 

0.303 

6.7 

-0.52 

c 

Is 

i 

[6762.2 

308317 

.32.3101 

5 

5 

0  066 

0.0453 

5.0 

-  0.65 

(. 

Is 

[6742.1 

308248 

323076 

3 

3 

0.111 

0.076 

5.0 

-0.64 

c 

Is 

1 

[6773.7 

308317 

.32.3076 

5 

.3 

0.007.3 

0.00301 

0.336 

-  1 .82 

(. 

Is 

42 


Clll.  Allowed  Transitions  —  Continued 


\i:. 

!  i  uiiMtiim 

Multiple! 

Al  \l 

A',i-m  '( 

A'tO'in  ‘i 

/o 

Ak,(  10"  M'C  ‘l 

u 

.Sul  u.l 

l'»R  df 

Aeru- 

>i'ur<  i- 

Arra\ 

racy 

14 

’*|*° — :,S 

>263./ 

..718283 

.327277 

9 

3 

0.58 

0.080 

12.5 

-0.142 

c 

va 

III 

5272.56 

308317 

327277 

5 

3 

0.320 

0.080 

7.0 

-  0.398 

c 

Is 

5255.55 

.308218 

327277 

3 

3 

0.194 

0.080 

4.17 

-0.62 

<: 

Is 

5244.5 

308215 

327277 

1 

3 

0.065 

0.081 

1.39 

-  1.094 

<: 

Is 

15 

:*■>«* _ :i|» 

4662 . 7 

308283 

32972/ 

9 

9 

0.8-4 

0.273 

37.7 

0.390 

c 

f« 

(5) 

4665.90 

308317 

329743 

5 

5 

0.63 

0.204 

15.7 

0.010 

c 

Is 

[4659.0] 

308248 

329706 

3 

3 

0.210 

0.068 

3.14 

-0.69 

c 

h 

4673.91 

308.317 

329706 

5 

3 

0.347 

0.068 

5.2 

-0.468 

c 

Is 

4663.53 

308248 

32%a5 

3 

1 

0.84 

0.091 

4.19 

—  0.56 

c 

Is 

[4650.9] 

308248 

329743 

3 

5 

0.211 

0.114 

5.2 

—  0.4O6 

c 

Is 

[4651.8] 

308215 

329706 

1 

3 

0.281 

0.274 

4.19 

-0.56 

c 

Is 

!6 

.p°_'|) 

iTi 

4325.70 

310005 

3331 16 

3 

5 

1.08 

0.50 

21.6 

0.181 

c 

va 

IT 

2s3p  — 

•  l*°  —  *1) 

56%.  0 

258931 

276483 

3 

5 

0.50 

0.407 

22.9 

0.087 

c 

ra 

2sl2S|3</ 

(2) 

18 

2 pip- 

1 1» _ 1 1>° 

3703.52 

319719 

346713 

3 

3 

0.320 

0.066 

2.41 

-0.70 

c 

ca 

2p(2I,0)3</ 

<12i 

19 

:,D  — :,D° 

6865.8 

mi  14 

.3.37675 

15 

15 

0.066 

0.0469 

15.9 

-0.153 

c 

ra 

(191 

6871.7 

323110 

337688 

7 

t 

0.059 

0.0416 

6.6 

-0.54 

c 

Is 

681.2.9 

323101 

337668 

5 

s 

0.0463 

0.0327 

3.69 

-0.79 

(7 

Is 

6857.3 

323076 

337655 

3 

3 

0.050 

0.0352 

2.39 

-0.98 

c 

Is 

16881.4! 

32.3140 

337668 

7 

5 

0.0103 

0.0052 

0.83 

—  1 .438 

c 

Is 

[6869.1] 

32310! 

337655 

5 

3 

0.0166 

0.0070 

0.80 

-1.450 

c 

Is 

[6853.1] 

323101 

337688 

5 

7 

0.0074 

0.0073 

0.83 

-  1.436 

c 

Is 

[6851.2] 

323076 

337668 

3 

.A 

0.0100 

0.0117 

0.80 

-1.453 

<: 

Is 

20 

'11-4" 

5880.4 

.mi  14 

.14011.7 

15 

9 

0.0124 

0.00385 

1.12 

-1.238 

<: 

,<t 

(20) 

5894.1 

323140 

340101 

7 

5 

0.0101 

0.00385 

0.52 

-1.57 

c 

Is 

5871.6 

.323101 

340128 

5 

3 

0.0093 

0.00290 

0.280 

-  1.84 

< 

Is 

5857.9 

323076 

340142 

3 

1 

0.0126 

0.00216 

0.125 

-2.188 

c 

Is 

[5880. 1] 

323101 

340101 

5 

5 

0.00186 

9.6  x  10-4 

0.093 

-2.317 

c 

Is 

[5862.8] 

323076 

340128 

3 

3 

0.00313 

0.00161 

0.093 

-2.315 

c 

Is 

[587I.8] 

323076 

340101 

3 

5 

1.25  X  10  4 

1.07  X  10-4 

0.0062 

-3.492 

c 

Is 

21 

2.v  Is  — 

■S-'l" 

3170  '6 

.311721 

543256 

1 

3 

0.325 

0.147 

1.53 

-0.83 

(■ 

ra 

2.sl2,S)5p 

(8! 

22 

2s4p  — 

■/..  i 

3/7798 

339933 

9 

3 

1.66 

0.169 

22.6 

0.182 

c 

ca 

2sl2S)5s 

(9) 

1516.93 

317800 

.339933 

5 

3 

0.92 

0.169 

12.6 

-0.072 

(. 

Is 

4516  02 

317795 

339933 

3 

3 

0.55 

0.169 

7.5 

-0.295 

c 

Is 

4516.02 

3 i 7795 

339933 

1 

3 

0.134 

0.169 

2.51 

-0.77 

c 

Is 

2.4 

25  Ip  — 

:tl»° — ,1l) 

3669..) 

3/7798 

345496 

9 

15 

0.95 

0.308 

32.9 

0.442 

c. 

ra 

2s(zS)5</ 

(10) 

3609.61 

317800 

343196 

5 

7 

0.95 

0.259 

15.4 

0.113 

i: 

Is 

3608.96 

.317795 

345496 

3 

5 

0.71 

0.231 

8.2 

-0.160 

( • 

Is 

3608.96 

.317795 

345496 

1 

3 

0.53 

0.308 

3.66 

-051 

<: 

Is 

3609.61 

3178(H) 

3454% 

5 

5 

0.236 

0.0461 

2.74 

-0.64 

c 

Is 

3608.96 

317795 

345496 

3 

»•> 

0.394 

0.077 

2.74 

-0.64 

»■ 

Is 

3608.% 

317795 

345496 

3 

5 

0.0158 

0.0051 

0.183 

-1.8! 

( 

Is 

21 

i|>°_i|) 

4122.05 

322403 

346656 

3 

5 

1.04 

0.443 

18.0 

0.124 

c 

ca 

(17) 

43 


ClII.  .'lowed  Transitions  —  Continued 


No. 

Transition 

Arrav 

Multiple! 

i 

At  A) 

£,lcm  ') 

f.'ylcm  ') 

g> 

gk 

.4t,(10*scc  ') 

.Siat.u  ) 

1  "Kgf 

Accu¬ 

racy 

Smirce 

25 

2 s\d— 

•I)  -3p° 

4385.1 

rim 

34423.3 

15 

k— , 

9 

0.267 

0.0463 

10.0 

-0.160 

<: 

C(l 

2s(2S)5p 

(14) 

4388.24 

321450 

344233 

1 

5 

0.224 

0.0462 

4.67 

-0.491 

<; 

Is 

4383.24 

321427 

34423.3 

5 

3 

0.200 

0.0346 

2.50 

-0.76 

<: 

Is 

4379.97 

321411 

344233 

3 

1 

0.268 

0.0257 

1.11 

-1.114 

t 

Is 

4383.24 

321427 

34-1233 

5 

5 

0.0401 

0.0115 

0.83 

-1.239 

<: 

Is 

4379.97 

321411 

34-1233 

3 

3 

0.067 

0.0193 

0.83 

-1.238 

c 

Is 

4379.97 

321411 

344233 

3 

5 

0.00268 

0.00129 

0.056 

-  2.414 

c 

Is 

26 

■  D  — 'Pc 

5249.6 

324212 

343256 

5 

3 

0.52 

0.128 

11.1 

-0.194 

c 

C(i 

(23) 

27 

2  sid — 

3[)_  3F° 

3887./ 

32/435 

347/54 

15 

21 

1.81 

0.58 

1)0 

0.93 

c 

C(l 

2s(2S)5/ 

(15) 

3889.18 

321450 

347155 

" 

9 

1.81 

0.53 

47.2 

0.57 

c 

Is 

3885.99 

321427 

347153 

5 

i 

1.61 

0.51 

32.6 

0.406 

t 

Is 

3883  80 

321411 

347151 

3 

5 

1.52 

0.57 

22.0 

0.236 

c 

Is 

[3889.71 

321450 

347153 

i 

i 

0.201 

0.0456 

1.09 

-0.496 

c 

Is 

[3886.2] 

321427 

347151 

;> 

5 

0.282 

0.064 

4.09 

-0.495 

c 

Is 

[3889.8] 

321450 

347151 

< 

5 

0.0079 

0.00128 

0.115 

-2.0-17 

c 

Is 

28 

4056.06 

324212 

348860 

5 

7 

1.45 

0.50 

33.4 

0.398 

c 

cn 

(24) 

|_ 

Forbidden  Transitions 

Naqvi’s  calculations  [1]  are  the  only  available  source.  The  results  for  the  ;,P0— -’P0  transitions 
are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  ■1p°— 'P0  tran¬ 
sitions,  Naqvi  uses  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction  should 
be  partially  included. 


Reference 


[1]  Naqvi,  A.  M.,  Thesis  Harvard  (1051 1. 


CHI.  Forbidden  Transitions 


No. 

Transit  inn 
Array 

Multiplet 

A<  A) 

6, (cm  1 1 

/.'tlcm'l 

i 

g < 

gs 

Type  uf 
Transi¬ 
tion 

,4c, (sec  ') 

Stat.H.) 

Accu¬ 

racy 

Source 

1 

2s2p  —  2s(2S)2p 

3p°_ 

[43.5  x  10s] 

52366.7 

52389.7 

1 

3 

m 

2.18  X  10  7 

2.00 

B 

1 

[17.6  x  10s] 

52389.7 

52446.5 

3 

5 

m 

2.47  x  10  '■ 

2.50 

B 

1 

2 

3p° _  ip° 

[2000.0] 

52366.7 

102351 

1 

3 

in 

0.001 12 

1.26  X  10  fi 

C 

1 

[2000.9] 

52389.7 

102351 

3 

3 

m 

1.35 

0.00120 

c 

1 

[2003.2] 

52446.5 

. 

102351 

5 

3 

m 

0.(K)179 

1  60  X  10  B 

C 

1 

44 


Ground  Stain 
ionization  Potential 


Civ 


ls22s  *S,  , 


64.476  eV  =  520177.8  cnr1 


Allowed  Transitions 


List  of  tabulated  lines: 


— 

Wavelength  [A] 

\o. 

,  Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

222.791 

4 

384.19 

6 

4647 

19 

244.907 

3 

419.525 

5 

4665 

20 

259.471 

9 

419.714 

5 

4737 

22 

259.542 

9 

1.548.20 

1 

4739 

18 

289.143 

8 

1550.77 

1 

5021 

16 

289.230 

8 

2524.40 

14 

5023 

16 

296.857 

7 

2595.14 

13 

5801.51 

10 

296.951 

7 

2697.73 

12 

5812.14 

10 

312.418 

2 

2698.70 

12 

6592 

21 

312.455 

2 

3936 

15 

20694 

11 

384.032 

6 

4440.4 

17 

20780 

11 

384.178 

‘  J 

4441.8 

1 

17 

20^28 

11 

The  values  taken  from  Weiss’  calculations  [1]  are  estimated  to  be  accurat“  to  within  10  percent 
because  of  the  very  close  agreement  between  bis  dipole  length  and  dipole  velocity  approximations. 
The  values  calculated  with  the  length  approximation  are  adopted. 


Reference 


(1]  Weiss,  A.  W Astrophys.  J.  138,  1262-1276  (1963). 


ClV.  Allowed  Transitions 


No. 

Transition 

Multiples 

At  A) 

Eitcm  ') 

Efrtcm  M 

Array 

1 

2s  -2p 

2S  -  2P° 

1549.1 

0.0 

64555 

2 

(1  at) 

1548.20 

0.0 

64591 

2 

1550.77 

0  0 

64484 

2 

2 

2s  —  3 p 

2S  —  2p° 

512.45 

0.0 

520070 

2 

(2  uv) 

312.418 

0.0 

320080 

2 

312.455 

0.0 

320049 

2 

3 

2s  —  4 p 

25  —  2p° 

244.907 

0.0 

408518 

2 

(3  uv) 

4 

2s  —  5 p 

2S  _  2p° 

222.791 

0.0 

448859 

2 

(4  uv) 

7) 

2p  —  3s 

2J>°  —  2^ 

41 9.65 

6 4555 

302848 

6 

(6  uv) 

419.714 

64591 

302848 

4 

419.525 

64484 

302848 

2 

6 

2p  —  3d 

2  j>°  —  2J) 

584.12 

64555 

524887 

6 

(7  uv) 

384.173 

64591 

324891 

4 

384.032 

64484 

324880 

2 

(384, 19i 

64591 

324880 

4 

gk 

,4*3  >0"  sec  ') 

f.k 

Stat.u.) 

Accu¬ 

racy 

Sourer 

6 

2.65 

0.286 

2.91 

-0.243 

A 

1 

4 

2.65 

0.190 

1.94 

-0.420 

A 

Is 

2 

2.63 

0.0950 

0.970 

-0.721 

A 

Is 

6 

45.6 

0.200 

0.412 

-0.397 

B  + 

1 

4 

45.7 

0.134 

0.275 

-0.573 

B  + 

Is 

2 

45.5 

0.0666 

0.137 

-0.876 

B  + 

Is 

6 

22.1 

0.0597 

0.0963 

-0.923 

B 

C(l 

6 

11.8 

0.0263 

0.0385 

-1.280 

B 

ca 

2 

42.7 

0.0376 

0.312 

-0.647 

B-f 

1 

2 

28.5 

0.0376 

0.208 

-0.822 

B  + 

Is 

2 

14.3 

0.03/6 

0.104 

-1.123 

B  + 

Is 

10 

177 

0.654 

4.96 

0.594 

B  T 

1 

6 

177 

0.589 

2.98 

0.372 

B  + 

Is 

4 

148 

0.653 

1.65 

0.116 

B  + 

Is 

4 

29.6 

0.0654 

0.331 

-  0.582 

B  + 

Is 

45 


CiV.  Allowed  Transitions — Continued 


Nik 

Transition 

Array 

Multiple! 

A(  A I 

A'.ft-m  0 

£*(<  ni  'i 

- ! 

— 

.-l*,l  10“  see  ') 

/•» 

Siat.u.l 

1"H  kI 

Anti 

rary 

Souree 

7 

2p-4s 

2p°_2g 

296.92 

67555 

401347 

6 

2 

17.5 

0.00772 

0.015.3 

-1.334 

B 

ra 

(8  uv) 

j 

296.951 

6+591 

401347 

4 

2 

11.7 

0.00772 

0.0302 

-  1  510 

B 

!■> 

296.857 

61484 

401347 

•+ 

±  1 

2 

5.85 

0.00773 

0.0151 

—  1.8!  1 

B 

Is 

8 

2p  —  id 

289.20 

67.555 

7/0336 

6 

to 

58. 1 

0.121 

0.694 

-0.1.3'' 

B 

Ctl 

(9  uv) 

289.230 

6459! 

410333 

4 

6 

58.2 

0.109 

0.117 

-0.3.59 

B 

Is 

289.143 

64484 

410334 

2 

4 

48.5 

0.122 

0.2.31 

-0.614 

B 

Is 

1289.231 

6459! 

410334 

4 

4 

9.69 

0.0122 

0.016.3 

—  1.313 

1'. 

Is 

9 

2p-5d 

2p°  —  2  J) 

259.52 

67555 

+49887 

6 

10 

21.8 

0.0383 

0.196 

-0.639 

B 

ra 

(10  uv) 

259.542 

64591 

449887 

4 

6 

22.8 

0.0345 

0.118 

-0.860 

B 

Is 

259.471 

6+184 

+19887 

■) 

4 

18.9 

0.0382 

0.065.3 

-  1.117 

B 

Is 

259.542 

64591 

+19887 

4 

4 

3.80 

0.00383 

0.01.31 

-  1.814 

1 

B 

Is 

10 

3s  —  3  p 

2S_2|»° 

5807.9 

302848 

320070 

2 

6 

0.318 

0.481 

18.4 

-0.017 

B 

1 

(1) 

5801.51 

302848 

320080 

2 

4 

0.319 

0.322 

12.3 

-0.191 

B 

Is 

5812.14 

302848 

320049 

2 

2 

0  316 

0.160 

6.1.3 

-0.494 

B 

Is 

11 

3p  — 3</ 

2po_,D 

207.57 

320070 

32/887 

6 

10 

0.00579 

0.062.3 

25.5 

-0.427 

H 

1 

120780) 

320080 

324891 

4 

6 

0.00576 

0.0.559 

15.3 

-0  650 

B 

Is 

[206941 

320049 

324880 

2 

4 

0.00186 

0.0621 

8.50 

-0.904 

B 

Is 

(20828] 

320080 

324880 

4 

1 

9.53  x  10  ' 

0.00620 

1.70 

-  1.606 

B 

Is 

12 

Ip  — 5s 

ip°._2S 

2698.7 

7983/8 

445366 

6 

2 

1.09 

0.149 

7.94 

-  0.(419 

B 

ra 

(12  uv) 

2698.70 

408322 

445366 

4 

2 

2.7.3 

0.119 

5.29 

-0.225 

B 

Is 

2697.73 

408309 

+15366 

2 

2 

1.37 

0. 1 19 

2.65 

-0.525 

B 

Is 

12 

4(/  —  5 p 

2|)_  2p° 

2595.14 

7/03(6 

7788.59 

10 

0 

0.716 

0.0452 

.3.86 

-  0. 345 

B 

ra 

(13  uv) 

14 

!</ — 5/ 

2D--F° 

2524.40 

7/0336 

149938 

10 

14 

7.44 

0.995 

82.7 

0.999 

B 

ra 

(14  uv) 

I 

15 

5s— ftp 

2JJ_  2p° 

393ft 

445.36ft 

170763 

2 

0 

0.310 

0.237 

6.14 

—  0.325 

B 

ra 

(2) 

I 

| 

1ft 

5p  —  6s 

2p°_2tS 

5022.2 

778859 

46376.5 

6 

2 

1.10 

0.176 

17.5 

0.024 

B 

ra 

(3) 

5023 

+18861 

468  :  • 

l 

•T 

0.955 

0.177 

11.7 

-0.150 

B 

Is 

5021 

118854 

4685  *«. 

2 

2 

0.467 

0.176 

5.8.3 

-0.4.53 

B 

Is 

17 

5p  —  ft</ 

2p°_-[) 

777/. 8 

778859 

171.368 

6 

10 

1.0.5 

0.516 

15.3 

0.191 

B 

ra 

(4) 

[+141.81 

418861 

471368 

4 

6 

1 .05 

0. 165 

27.2 

0.270 

B 

Is 

[4440.41 

148854 

471368 

2 

.1 

0.871 

0.516 

15.1 

0.014 

B 

Is 

[+141.8] 

448861 

171368 

1 

4 

0.17.5 

0.0516 

3.02 

-  0.685 

B 

Is 

18 

5'/ -ftp 

-l)--l>0 

4789 

149887 

470763 

10 

6 

0.341 

0.0701 

11.1 

-0.152 

B 

ra 

(5) 

19 

5,7  —  ft/ 

21)  -  -F° 

1647 

449887 

471403 

10 

;  i 

1.85 

0.8.37 

128 

0.92.3 

B 

ra 

(ft) 

20 

5/  —  ftr  / 

*F°-*D 

4665 

449938 

471368 

14 

10 

0.103 

0.0241 

5.18 

-0  472 

B 

ra 

(7) 

21 

6s  —  7/> 

2S-2P° 

6592 

468765 

483931 

2 

6 

0.132 

0.258 

11.2 

-0.288 

B 

ra 

(10) 

22 

6</  —  8p 

2|)  __  2p° 

4737 

471368 

492473 

10 

6 

0.104 

0.0210 

.3.27 

-0.678 

B 

ra 

(12) 

Cv 


Ground  Slate  Is2 'S,, 

Ionization  Potential  391.986  e\  =  3162450  cm  1 


Allowed  Transitions 

The  usu'ls  of  extensive  m.n-relalivistie  variational  calculations  by  Weiss  m  are  chosi  n. 
\  alues  have  beets  calculated  in  both  the  dipole  length  and  dipole  velocity  approximations  and  a>ree 
to  within  I  percent,  except  for  the  3p  1  -  3; ‘ ' D  transition  where  agreement  is  no!  as  good.  The 

average  of  the  two  approximations  is  adopted  HI- 

Reference 


|I)  W  risy,  A.  pro  a!i*  iimumnm  atinn  (1064). 


C  V.  Allowed  Transitions 


\o. 

Transition 

Array 

Multiple! 

At  A  l 

/plcirr1! 

Eiil cm  ') 

& 

dtil  10*  sec  ‘I 

u 

.Slat.u.) 

"  ■  . 

i 

Accu¬ 

racy 

Source 

1 

Is2  —  ls2p 

'5  — '1'° 

140.2701 

0 

2483240 

1 

3 

8870 

0.647 

0.0858 

-0  189 

A 

1 

2 

Is2  —  ls.Sp 

'S-‘P° 

(34.9731 

0 

2859350 

1 

•  > 

2550 

0.141 

0.0162 

-  0.852 

A 

1 

3 

ls2s—  ls2p 

PS-'P0 

(3540.8) 

(2455006) 

2483240 

1 

3 

0.165 

0.0931 

1.09 

-  1.031 

A 

1 

t 

l.s2s—  ls.Sp 

'S-'l>0 

(247.31) 

(2455C06) 

27,59350 

1 

3 

128 

0.351 

0.286 

—  0.455 

A 

1 

5 

ls2p—  ls3d 

*1*°  —  *D 

(267.21) 

2483240 

(2857480) 

3 

5 

3% 

0.707 

1.87 

0.327 

A 

I 

f> 

ls3</—  ls.Sp 

'D-'P0 

(534601? 

(2857480) 

2859350 

5 

3 

3.97  X  10- 4 

0.0102 

8.98 

—  i.292 

C  + 

1 

7 

ls2s—  ls2p 

•'S_:IP° 

2273.9 

2411244 

2455207 

3 

9 

0.565 

0.132 

2.95 

-  0.404 

A 

1 

8 

ls2s  —  ls3p 

:,s— • »p° 

(227.37| 

2411244 

12851060) 

3 

9 

13/) 

0.316 

0.710 

-0.023 

A 

1 

9 

ls2p—  l*3f« 

3P°-'D 

248.7/ 

2455207 

2857286 

9 

15 

425 

0.657 

4.84 

0.772 

A 

1 

10 

ls.Sp  —  1  sir/ 

’P0_.'D 

(16057|? 

(2851060) 

2857286 

« 

15 

0.00753 

0.0485 

23.1 

-  0.360 

A 

1 

47 


76b  65=)  O  66  -5 
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Is*  2s*  2 p  '  4S° ., 


Ionization  Potential 


14.S3  e\  —  117214  cm 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  (A] 


1100.7 
1134.17 
1134.42 
1134.98 
1 163.87 


1163.88 
1164.31 
1 167.45 
1 168.42 
1 168.54 


1  i  69.69 
1176.4 

1176.6 

1177.7 
1199.55 

1200.22 

1200.71 

1231.7 
1243.17 

1243.30 

1243.31 
1310.54 
1310.97 
1316.29 
1319.04 


1319.72 
1326.63 

1327.96 

1411.94 

1492.62 

1492.67 

1494.67 

1742.72 

1742.73 

1745.25 

1745.26 

4099.95 
4109  96 

4113.97 

4137.63 


4143.42 

4151.46 

4214.73 

4215.92 

4218.87 


No. 

x .  ' 

1! 

Wavelength  (A) 

-4 —  — - - 

No. 

!!  ~ 

Wavelength  |A] 

!  v,. 

19 

ii 

4222.12 

29 

1 

1  6622.54 

1 

47 

1 

4223.04 

29 

6626.8 

47 

I 

4224  74 

29 

6636.94 

47 

I 

42.30.35 

29 

6644.96 

47 

10 

4253.28 

| 

28 

6646.51 

47 

10 

4254.7 

28 

6653.46 

47 

‘0 

4258.7 

28 

6656.5 1 

.  7 

l 

4261.2 

28 

6926.90 

48 

9 

4263.2 

28 

6945.22 

48 

9 

4264.7 

28 

1 

6951.7 

48 

8 

4269.8 

1 

28 

6960.4 

48 

4384.4 

43 

6973.0 

48 

14 

4391.3 

43 

6979.10 

48 

14 

4914.90 

31 

6981.8 

48 

2 

4935.03 

1  31 

7423.64 

23 

2 

5170.0 

18 

7442.30 

23 

2 

5181.5 

18 

7468.31 

23 

20 

5186.9 

18 

8184.85 

22 

5 

5197,8 

49 

8188.01 

22 

5 

5201.8 

49 

! 

8200  36 

22 

5 

5281.18 

17 

8210.71 

22 

13 

5292.9 

17 

3216.32 

22 

13 

5293.5 

17 

8223.12 

22 

12 

5305.0 

17 

8242.37 

22 

11 

5309.2 

17 

8567.74 

25 

11 

5310.6 

17 

8590.01 

25 

15 

5314.8 

17 

8629.24 

25 

15 

5328.70 

16 

8655.87 

25 

6 

5344.4 

16 

8680.27 

21 

3 

5354.7 

L6 

8683.40 

21 

? 

53.5o.77 

16 

8686.16 

21 

3 

5367.1 

16 

8703.26 

21 

4 

5372.5 

16 

8711.71 

21 

1 

4 

5372.66 

16 

8718.84 

21 

4 

5378.3 

16 

8728.91 

21 

4 

5401.45 

32 

8747.36 

21 

26 

5411  88 

32 

9028  92 

33 

26 

5816.48 

50 

9045.88 

27 

26 

5829,53 

50 

9049.47 

27 

30 

5834.7 

50 

9049.89 

27 

1 

30 

5841.01 

•50 

9060.72 

33 

30 

5850. 1 

50 

9386.81 

24 

29 

5854.16 

50  ! 

9392.79 

24 

29 

5856.3 

50 

9460.68 

24 

29  || 

6606.3 

47 

9776.90 

35 

List  of  tabulated  lines  —  Continued 


v\  avelenglll  |A| 

"I  . 

No. 

T 

Vi  avelenglll  |  A  J 

n  ■ 

No. 

|  .  ~  ' 

Wavelength  (A) 

’! 

1 

9786.79 

35 

'1 

■  j 

H 

10563.3 

39  j 

11628.0 

7 

9788.30 

35 

j! 

10591.9 

«  | 

11656.0 

7 

9798.57 

35 

105% 

44 

11964 

42 

9810.02 

35 

10597.0 

44 

11997.9 

42 

9814  03 

35 

lj 

10623.2 

38  ; 

12074.1 

42 

9822.75 

35 

i 

10644.0 

38 

12107.4 

42 

9834.62 

35 

10653.0 

38 

12128.6 

46 

9863.33 

35 

10675 

38 

1218o.9 

46 

9872.16 

35 

10693.2 

37 

12203.4 

46 

10105.1 

34 

10713.6 

38 

12232.9 

46 

10108.9 

34 

10718.0 

38 

12280 

46 

10112.5 

34 

10730.5 

37  12288.0 

38  j  12291 

46 

10114.6 

Si 

10757.9 

40 

10128.3 

34 

10775.0 

37  , 

12307 

46 

101 17.3 

34 

ji 

10879.2 

36 

12330 

40 

1016-1.8 

34 

10884.6 

36 

12384 

|  40 

10166.8 

34 

11180.1 

45 

12461.2 

41 

10200.0 

34 

11227.1 

45 

12467.8 

41 

10500.3 

39 

11237.6 

45 

12582.3 

41 

10507.0 

39 

ii 

11266.2 

45 

! 

10513.4 

39 

11291.7 

45 

10520.6 

39 

i 

11294.2 

45 

10533.8 

39 

11313.9 

45 

10539.6 

39 

11323.3 

45 

10549.6 

39 

_ 

11564.8 

7 

The  numerical  values  for  the  2s2  2p3  ~2s2p*,  2f>3  —  2p-  3s,  and  2//'  —  2/)2  3d  transitions  are 
taken  exclusively  from  measurements  with  a  wall-stabilized  high  current  arc  by  Labuhn  [1],  since 
the  available  theoretical  treatments  for  these  transitions  must  be  considered  quite  unreliable 
because  of  the  strong  effects  of  configuration  interaction.  However,  even  the  experimental  data 
should  be  conside  ed  with  caution  since  they  suffer,  for  example,  from  uncertainties  in  the  iden¬ 
tification  of  the  lir  es. 

The  da' i  for  most  higher  excited  transitions  are  taken  from  a  stabilized-arc  experiment  by 
Rieht  er  [2],  the  Coulomb  approximation,  and  approximate  self-consistent  field  calculations  by 
Kelly  [6],  For  aboot  half  of  the  3p  — 3d  transitions  the  numbers  agree  within  an  impressive  10 
percent,  and  the  results  have  been  averaged.  For  most  3s  —  3p  and  3s  —  4p  transitions,  strong 
cancellations  in  the  calcula‘:ons  render  the  theoretical  results  unreliable.  In  these  cases  experi¬ 
mental  results  are  exclusively  used  whenever  available.  The  above  material  is  supplemented 
by  a  few  numbers  obtained  from  a  shock  tube  investigation  by  Doherty  [5],  a  wall-stabilized  arc 
study  by  Shumaker  and  Yokley  [4],  and  work  with  a  less  refined  arc  source  by  Motschtnann  [3]. 
Motschmann’s  absolute  values  appear  to  be  shifted  by  a  constant  factor  due  to  a  demixing  effect 
in  the  arc  and  have  been  renormalized  by  applying  a  factor  of  1.5,  which  has  given  the  best  fit  with 
Richter's  data. 
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88153 

'07447 

4 

4 

0.00144 

5.8  X  lO'4 

0.0395 

-2.64 

c 

3  n.  Is 

[5186.9 

88173 

107447 

2 

4 

7.3  X  lO'4 

5.9  x  lO'4 

0.0201 

-2.93 

c 

3 n.  Is 

19 

2p'~ 

2J)°  —  2p 

1100.7 

19228 

1 10082 

/9 

6 

0.33 

0.0036 

0.1.3 

-1.44 

D- 

1 

2p2i'Pl5.s 

20 

N 

1 

O 

1 

! 

[1231.7] 

28840 

i  110029 

2 

2 

0.022 

5.0  X  10- 4 

0.0041 

-2.99 

D 

1 ,  Is 

[1231.7] 

28840 

1  1 10029 

, 

4 

2 

0.011 

1.3  x  10-4 

0.0020 

-3.30 

D 

1,  Is 

21 

2pr,\s  - 

4P  — 4D° 

8697.6 

83337 

94839 

12 

20 

0.190 

0.358 

123 

0.63 

C 

2 

2p2(3P)3p 

(1) 

8680.27 

83366 

94883 

6 

8 

0.191 

1.287 

49.2 

0.236 

C 

2,  Is 

8683.40 

33319 

94832 

4 

6 

0.133 

0.226 

25.8 

-0.045 

c 

2,  Is 

8686.16 

83286 

94795 

2 

4 

0.079 

0.178 

10.2 

-0.448 

C 

2.  Is 

8718.84 

83366 

948.32 

6 

6 

0.054 

0.062 

10.6 

-  0.433 

C 

2.  Is 

8711.71 

83319 

94795 

4 

4 

0.101 

0.115 

13.2 

-0.337 

c 

2,  Is 

8703.26 

83286 

94772 

2 

2 

0.171 

0,194 

11.1 

-0.412 

c 

2.  Is 

8747.36 

83366 

94795 

6 

4 

0.0079 

05)061 

1.05 

-1.4.38 

c 

2,  Is 

8728.91 

83319 

947"2 

4 

2 

0.0300 

0.0171 

1.97 

-1.164 

c 

2,  Is 

51 


N  I.  Allowed  Transitions  —  Continued 


No.  Transition 
Array 


Multiplot  At  A)  £,loni  ')  in  4  g,  j  gi 1  10"  ><•<•  'l|  /,* 


.Suit. ii. I  loj:  gj  \n  ii-i  S.iuti  i 


_ 4p° 

(2) 


4P  — 4S° 
(3) 


8211.8 

8216.32 
8210.71 
8200  30 
8242.37 
8223.12 
8184.85 
8188.01 


7468.31 

7442.30 

7423.64 


055//  12  12  0.228 


95533  6 
95495  4 
9.5477  2 
95495  6 
95477  4 
95533  4 
95495  2 


6  0.160 
4  0.0363 
2  0.0364 
4  0.102 
2  0.202 
6  0.063 
4  0.092 


8.111 7  96752  12  4  0.318 

83366  96752  6  4  0.161 

83319  96752  4  4  0.106 

83236  96752  2  4  0.052 


0  162 

0.0367 

0.0367 

0.069 

0.10.3 

0.09/) 

0.185 


0.443  (. 

-0.012  < 

-  0.83  < 

-1.1.35  C 
-0.381  C 
-0.387  C 

—  0. 418  C 
-0.411  C 

0.025  C 

-0.270  (. 

-0.454  C 
-0.76  C 


2p_  2[)° 

(7) 


9.195./  86/9.1  9681/  6  10  0.217  0.178 

9392.79  86221  96864  4  6  0.218  0.432 

9386.81  86138  96788  2  4  0.183  0.482 

9460.68  86221  96788  4  4  0.0.334  0.6'49 


0.458  C 

0.2.37  C 
-0.016  C 
0.75  C 


2p _ 2JXJ 

(8) 


86/7.5 

8629.24 

8590.01 

8655.87 

8567.74 


97806 

97770 

97770 

97806 


6  0.286 

4  0.238 
2  0.190 
2  0.099 
1  0.0458 


0.281  C 

0.027  C 
-0.376  C 
-0.65  C 
-0.70  C 


26  2p2(3P)3s  — 
2p(‘D)3p' 


27  2p23s’  — 

2p2(,D)3p' 


2p  _  2[)° 
(10) 


2D-2P 


4/96.8 

4109.% 

4099.95 

4113.97 

9/4/7. 6 

9045.88 
9fi  19.89 
9049.47 


I  H).rU>  6  10  0.041 


99663 
99  oil  7 
99663 


110546  4  6  0.040 

110522  2  4  0.0.3! 

110522  4  4  0.0068 

11071.1  10  11  0.272 

110715  6  3  0.269 

110711  4  6  0.258 

110711  6  6  0.0180 


0.439 

0.47.5 

0.0222 


0.669  I!  2 .0.rii 


0.421  B 
0.279  .  B 
0.876  B 


2  n.  Is 
2 n.  Is 


28  2p23s  — 

2p2(3P)4p 


4P  — 4D° 
(4) 


4256..! 

4253.28 

42.54.7 

4254.7 

4263.2 

4261.2 

4258.7 

4269.8 
4264.7 


/  96825  12  20  0.020 


106871 

196816 


8  0.020 

6  0.011 


i  r  u.v  l  * 

106780  2  4  0.0079 

1067)16  6  6  0.0061 

106780  4  4  0.010 

106761  2  2  0.016 

106780  6  4  9.8X10 

10676!  4  2  0.00.3.3 


0.0089 

0.0071 
0.0057 
0.0043 
0.0017 
0.0029 
0.0043 
1.8  X  10 
4.5  X  10 


-0.97  K 

-1.37  K 

-  1 .64  K 

-  2.07  K 

-  2.00  K 

-  1 .94  K 

-  2.07  K 

-  2.97  K 

-2.75  K 


4p_4p« 

(5) 


1222.9 

422.3.04 

4222.12 

4218.87 

4230.35 

4224.74 

4214.73 

4215.92 


/  979/6  12  12  0.073 


107039  6 
106998  4 
106«8.3  2 
106<  98  6 
106983  4 
107039  4 
106998  2 


6  |  0.051 
4  0.0098 
2  9.01;. 

4  0.033 
2  0.061 
6  0.022 
4  0.031 


0.014 

0.0026 

0.0033 

0.0059 

0.0082 

0.0088 

0.016 


-  0.63  I) 

-1.09  1) 

-1.98  I) 

-2.18  I) 

-  1.45  1) 

-1.49  I) 

-  1 .45  I) 

-1.49  I) 


•P  — *S° 
(6) 


n  to, i 

4151.46 
41  43.42 
4137.63 


107447  12  4  0.025 

107447  6  4  0.013 

107447  4  4  0.0078 


107447 


4  1  0.0039 


0.0021 

0.0023 

0.0020 

0.0020 


-1.59  I) 

-1.87  I) 

-  2.09  I) 

-2.40  1) 
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N  I.  Allowed  Transitions  —  Continued 


No 

I  raiiMli  >i! 

f 

1 

Multiple! 

A!  A) 

A’.lcm'l 

£0<-m  1 1 

fo 

.4a, (Hr  ><•(•  ’) 

u 

.Slat.u.) 

5 

"1 

Ar'-u-l 

Sourer 

Arrav 

ra<  y 

31 

4*  _  2So 

1928:2 

80198 

106479 

6 

2 

0.C234 

0.00285 

0.277 

-  1.768 

B 

2.  4 

1 

(9> 

4935.03 

86221 

106479 

4 

2 

0.0158 

0.00289 

0.188 

-  1.937 

b 

4n,  Is 

4914.90 

86138 

106479 

2 

2 

0.00759 

0.00275 

0.0889 

-2.260 

B 

4/i,  Is 

.32 

2pVh3p- 

2j>°_2S 

:>whj 

9779! 

116279 

6 

2 

0.0111 

0.00162 

0.173 

-2.013 

c 

2 

2 

5411.88 

97806 

1 16279 

4 

2 

0  0075 

0.00161 

0.117 

-2.183 

c 

2,  Is 

5401  45 

97770 

1 16279 

2 

2 

0.00369 

0.00161 

0.057 

-2.491 

c 

2,  Is 

33 

2  p*3p- 

_2j. 

9,950.4 

93582 

I0t»28 

2 

6 

0.256 

0.945 

56.3 

0.276 

B 

2,  6,  ca 

:yciw 

(15) 

9060.72 

93582 

104615 

2 

4 

0.257 

0.634 

37.8 

0.103 

B 

2 n.  Is 

9028.92 

93582 

10-1655 

2 

2 

0.255 

0.311 

18.5 

-0.206 

B 

2  n,  Is 

31 

'l)°-4K 

101!  7 

91829 

104721 

20 

28 

0.373 

0.802 

534 

1.205 

B 

2,  6,  ca 

(18! 

10114.6 

94883 

104767 

8 

10 

0.374 

0.717 

191 

0.759 

B 

Is 

10112.5 

94832 

101718 

6 

8 

0.321 

C.656 

131 

0.595 

B 

Is 

10(08.9 

94795 

104684 

4 

6 

0.281 

0.646 

86.0 

0.412 

B 

Is 

,0105.1 

94772 

104665 

2 

4 

0.262 

0.803 

53.4 

0.206 

B 

Is 

10164  8 

94883 

104718 

8 

8 

0.0523 

0.0811 

21.7 

-0.188 

B 

Is 

10147.3 

94832 

104684 

6 

6 

0.0898 

0  139 

27.8 

-0.080 

B 

Is 

10128.3 

94795 

104665 

4 

4 

0.104 

0.160 

21.4 

-  0. 193 

B 

is 

10200.0 

94883 

104681 

8 

6 

0.00353 

0.00413 

1.11 

-1.481 

B 

Is 

10166.8 

94832 

104665 

6 

4 

0.00737 

0.00762 

1.53 

-1.340 

B 

Is 

33 

9829.2 

94829 

108010 

20 

20 

0.0992 

0.144 

93.0 

0.458 

B 

2,  6,  ca 

(19) 

9863.33 

94883 

105020 

8 

8 

0.101 

0.147 

38.1 

0.069 

B 

2 n,  Is 

9822.75 

94832 

10.5011 

6 

6 

0.0542 

0.0783 

15.2 

-0.328 

B 

2  n 

9798.57 

94795 

104998 

4 

4 

0.0346 

0.0498 

6.42 

-0.701 

B 

2  n 

9788.30 

94772 

104987 

2 

2 

0.0310 

0.0445 

2.87 

-1.050 

B 

2 n.  Is 

9872.16 

94883 

105011 

8 

6 

0.0222 

0.0243 

6.33 

—  0.711 

B 

2n.  Is 

9834.62 

94832 

104998 

6 

4 

0.0461 

0.0445 

8.65 

-0.573 

B 

2  n 

9810.02 

94795 

101987 

4 

2 

0.0415 

0.0300 

3.87 

-0.921 

B 

2n,  Is 

9814.03 

94832 

105020 

6 

8 

0.0118 

0.0227 

4.41 

-0.865 

B 

2n,  Is 

9786.79 

94795 

10.5011 

4 

6 

0.0144 

0.0311 

4.01 

-0.905 

B 

2n,  Is 

9776.90 

94772 

104998 

2 

4 

0.0177 

0.0506 

3.26 

-0.995 

B 

2n 

36 

-c 

0 

1 

"f* 

10884.6 

95533 

104718 

6 

8 

0.00141 

0.00335 

0.72 

-1.70 

C 

2 

10879.2 

95495 

104684 

4 

6 

0.00160 

0.00426 

0.61 

-1.77 

C 

2 

37 

ip° _ 2|*‘ 

10693.2 

95333 

104883 

6 

8 

0.00402 

0.0092 

1.94 

-1.259 

C 

2 

10730.5 

95495 

104811 

4 

6 

0.0170 

0.0440 

6.2 

-0.75 

C 

2 

10775.0 

95533 

104811 

6 

6 

0.00421 

0.0073 

1.56 

-1.357 

C 

2 

38 

4|>c_4p 

10708 

98811 

10484 7 

12 

12 

0.126 

0.216 

91.5 

0.414 

B 

2,  6,  ca 

10757.9 

95533 

104825 

6 

6 

0.0868 

0.151 

32.0 

-0.044 

B 

Is 

[10675] 

95495 

104860 

4 

4 

0.0169 

0.0289 

4.06 

-0.937 

B 

Is 

10623.2 

95477 

104886 

2 

2 

0.0215 

0.0363 

2.54 

-  1.139 

B 

Is 

10718.0 

95533 

104860 

6 

4 

0.0564 

0.0647 

13.7 

-0.411 

B 

is 

10644.0 

95495 

104886 

4 

2 

0.107 

0.0906 

12.7 

-0.441 

B 

is 

10713.6 

95495 

104825 

4 

6 

0.0376 

0.0971 

13.7 

-0.411 

E 

is 

10653.0 

95477 

104860 

2 

4 

0.0532 

0.181 

12.7 

-0.441 

B 

is 

39 

4t»0_4D 

10828 

98811 

108010 

12 

20 

0.248 

0.688 

286 

0.917 

B 

2,  6,  ca 

(28) 

10539.6 

95533 

105020 

6 

8 

0.242 

0.538 

112 

0.509 

B 

2a,  Is 

10507.0 

95495 

105011 

4 

6 

0.132 

0.327 

45.2 

0.116 

B 

2n 

10500.3 

95477 

104998 

2 

4 

0.0652 

0.216 

14.9 

-0.366 

B 

2n 

10549.6 

95533 

105011 

6 

6 

0.126 

0.210 

43.8 

0.101 

B 

2n 
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N  I.  Allowed  Transitions  —  Continued 


~ 

1  raitsitmn 
Array 

Multiple! 

X(A) 

£*■(<•  ni  l) 

g> 

A 

.4*1C.0Ksrc  •) 

.Slat.u.t 

l»n  gj 
_ [ 

\ccu- 

tary 

Snurc" 

39 

(con.) 

10520.6 

95495 

1049% 

4 

4 

0. 162 

0.269 

37.2 

0.031 

B 

2n 

10513.4 

95477 

104987 

2 

2 

0.174 

0.289 

20.0 

-0.2.-38 

13 

2  n 

10563.3 

95533 

104998 

6 

4 

0.0369 

0.0411 

8.58 

-0.608 

B 

'2n 

10533.8 

95495 

104987 

4 

2 

0.0405 

0.0.3.37 

4.67 

-0.871 

B 

2 n.  Is 

40 

4S°~4P 

12m 

%752 

104847 

4 

12 

0.124 

0.85 

138 

0.53 

C 

6.  cti 

(34) 

12384 

%752 

104825 

4 

6 

0.123 

0.423 

69 

0.229 

C 

Is 

12330 

96752 

104860 

4 

4 

0.124 

0.283 

46.0 

0.054 

C 

I.S 

12291 

%752 

104886 

4 

2 

0.125 

0.142 

23.0 

-0.245 

C 

Is 

41 

2  J)°  —  2p 

12469 

968.34 

1048.12 

10 

14 

0.216 

0.71 

290 

0.85 

c 

6.  ra 

(36) 

12467.8 

96864 

104883 

6 

8 

0.217 

0.67 

lo6 

0.61 

c 

Is 

12461.2 

%788 

104811 

4 

6 

0.202 

0.71 

116 

0.451 

c 

Is 

12582.3 

96864 

104811 

6 

6 

0.0141 

0.0334 

8.3 

-0.70 

c 

Is 

42 

2D°  — 2D 

1204-1 

968.74 

10.1111 

10 

10 

0.060 

0.130 

52 

0.114 

c 

6,  ca 

(37) 

12074.1 

96864 

105144 

6 

6 

0.055 

0.121 

28.8 

-0.140 

c 

Is 

17997. 9 

%788 

105121 

4 

4 

0.054 

0.117 

18.5 

-0.329 

c 

Is 

12107.4 

96864 

105121 

6 

4 

0.0059 

0.0086 

2.06 

-  1.287 

<; 

Is 

[11964] 

%788 

105144 

4 

6 

0.00406 

0.0131 

2.06 

-  1.282 

c 

Is 

43 

2p2(3P)3p  — 

2P°-2S 

4.789./ 

97194 

120572 

6 

2 

0.0153 

0.00148 

0.128 

-2.053 

c 

2 

2p2('D)3f 

[4391.3 

97806 

120572 

4 

2 

0.0102 

0.00147 

0.085 

—  2.231 

c 

2.  Is 

[4384.4" 

97770 

120572 

2 

2 

0.0052 

0.00151 

0.0435 

-2.52 

c 

2,  Is 

44 

2p23p'  - 

2F-2G 

10.19.1 

11071. 7 

120149 

14 

18 

0.338 

0./31 

.357 

1.010 

B 

2.  6,  ra 

2p2('D)3«f' 

10597.0 

110715 

120149 

8 

10 

0.337 

9.709 

198 

0.754 

B 

Is 

10591.9 

110711 

120150 

6 

8 

0  .326 

0.731 

15.3 

0.642 

B 

Is 

[105%] 

110715 

120150 

8 

8 

0.0121 

0.0204 

5.68 

-0.788 

B 

Is 

43 

2p23p  - 

4D°  —  4P 

11290 

948.79 

10.1694 

20 

12 

0.147 

0.168 

125 

0.527 

<:  + 

2.  6,  ra 

2p2(T)4s 

(17) 

11291.7 

94883 

103737 

8 

6 

0.117 

0.168 

50.0 

0.129 

(.+ 

Is 

11313.9 

94872 

10.3668 

6 

4  i  0.0920 

0.118 

26.3 

-0.151 

c  + 

Is 

1 1323.2 

94795 

10.3618 

4 

2 

U.0726 

0.0697 

10  4 

-0.554 

c  + 

Is 

11227.1 

94832 

103737 

6 

6 

0.0270 

0.0510 

11.3 

-0.515 

c  + 

Is 

11266.2 

94795 

10.3668 

4 

4 

0.475 

0.090.3 

1.3.4 

-0.442 

c  + 

Is 

11294.2 

94772 

163618 

2 

2 

0.07.31 

0.140 

10.4 

-0.55.3 

c  + 

Is 

11180.1 

94795 

10.37.37 

4 

6 

0.00.302 

0.00849 

1 .25 

-  1.469 

c  + 

Is 

11237.6 

94772 

10.3668 

0 

t- 

4 

0.00746 

0.0282 

2.09 

-  1.248 

c  + 

Is 

46 

4p° _ 4p 

12217 

9.1111 

101694 

12 

12 

0.076 

0.171 

83 

0.312 

c 

6,  ra 

(27) 

12186.9 

9553.3 

10.37.37 

6 

6 

0  654 

0.119 

28.7 

—  0.1 16 

c 

Is 

12232  9 

95495 

10.3668 

4 

■t 

0.0101 

0.0226 

3.64 

-  1.044 

c 

Is 

[12280] 

95477 

103618 

2 

2 

0.0125 

0.0282 

2.28 

-1.249 

c 

Is 

12288.0 

95533 

10.3668 

6 

4 

0.0336 

0.051 

12.3 

-0.52 

c 

Is 

[12307] 

95495 

103618 

4 

2 

0.062 

0.070 

li  4 

-0.55 

c 

Is 

12128.6 

95495 

103737 

4 

6 

0.02.3.3 

0.077 

12.3 

-0.51 

c 

Is 

12203.4 

95477 

10.3668 

2 

1 

0.0.318 

0.142 

11.4 

-0.55 

c 

Is 

47 

2p23p  - 

4l)°  -  4P 

66 44.0 

948.79 

109886 

20 

12 

0.0.389 

0.0154 

6.8 

-0.51 

c 

6,  ra 

2p2<  ;P)5s 

(20) 

6644.96 

9488.3 

109928 

8 

6 

0.0.311 

0.0154 

2.70 

-0.91 

c 

Is 

6653.46 

94832 

109858 

6 

4 

0.0244 

0.0108 

1.42 

-1.188 

r. 

Is 

6656.5 1 

94795 

109814 

4 

2 

0.0193 

0.0064 

(‘.56 

-  1.59 

c 

Is 

6622.54 

948.32 

10*7928 

6 

6 

0.0071 

0.00465 

0.61 

-1.55 

c 

Is 

66.36.94 

94795 

109858 

4 

4 

0.0125 

0.008.3 

0.72 

-  1.481 

c 

Is 

66-16.5 1 

94772 

109814 

2 

2 

0.0194 

0.0128 

0.56 

-  !  .59 

(. 

Is 

(6606.3) 

94795 

109928 

4 

6 

7.9  X  10-4 

7.8  X  10  4 

0.068 

-2.51 

c 

Is 

[6626.8] 

94772 

109858 

2 

4 

0.00197 

0.00259 

0.113 

-  2.286 

c 

Is 
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N  I.  Allowed  Transitions  —  Continued 


No  TTaiisiiion  Multipiet 

Array 

1  .  ... . 

A(  A 1 

,  -  _  -  _. 

£',(em  ') 

1 

blrm  ') 

g< 

gk 

.4*, (10"  see1) 

| _ j 

fk 

5(at.u.) 

I 

<»g  gf 

Accu¬ 

racy 

Source 

i  ' 

48  'P-'P 

6954.6 

_ 

r 

!  955// 

109886 

12 

0.02  i  2 

0.0154 

4.22 

i  ~ 

—  0.73 

c 

6,  ca 

(29) 

1 

6945.22 

95533 

109928 

6 

6 

0.0149 

0.0108 

1.48 

— 1.1 89 

C 

Is 

16960.4] 

95495 

109858 

4 

4 

0.00281 

0.00204 

0.187 

-2.088 

f- 

Is 

! 

16973.0] 

9.5477 

109814 

2 

2 

0.00350 

0.00255 

0.117 

-  2  293 

c 

Is 

6979.10 

95533 

109858 

6 

4 

0.0094 

0.00459 

0.83 

-1.56  i 

c 

Is 

16981.8] 

95495 

109814 

4 

2 

0.0174 

0.0064 

0.59 

-  1.59 

c 

Is 

6926.90 

95495 

109928 

4 

6 

0.0064 

0.0069 

0.63 

-  1.56 

c 

Is 

J  | 

|6951.7| 

95477 

109858 

2 

4 

0.0088 

0.0128 

0.59 

-  1.59 

c 

Is 

19  2p23p  —  *S8-*P 

5269.5 

93582 

112806 

!  2 

6 

0.023 

0.028 

0.96 

-  1.23 

D 

3  n 

2p2CP)5d 

|5201.8| 

93582 

112801 

2 

4 

0.023 

0.019 

0.64 

-  1.43 

D 

Is 

(5197.8] 

93582 

112816 

2 

2 

0.023 

0.0094 

0.32 

-1.73 

D 

Is 

j 

30  2p23p  —  <P°-*P 

5836.4 

955// 

112640 

12 

12 

0.0092 

0.00468 

1.08 

-  1.250 

C 

6,  ca 

2p2('P)6s  (32) 

5829.53 

95533 

112683 

6 

6 

0.0064 

0.00328 

0.378 

-1.71 

C 

Is 

5841.01  j 

95495 

112611 

4 

4 

0.00122 

6.2  x  10-4 

0.0480 

-2.60 

C 

Is 

15850.1]  1 

95477 

112566 

2 

2 

0.00152 

7.8  x  104 

0.0300 

-2.81 

C 

Is 

1 

5854.16  ! 

95511 

112611 

6 

4 

0.00409 

O.wOUO 

0.162 

-2.075 

c 

Is 

[5856.3] 

95495 

112566 

4 

2 

0.0076 

0.00195 

0.150 

-2.109 

c. 

Is 

5816.48 

95495 

1 12683 

4 

6 

0.00278 

0.00212 

0.162 

|-2.073 

c 

Is 

(5834.7] 

95477 

112611 

2 

1  4 

0.00383 

0.00390 

0.150 

1 

,-2.107 

c 

1  ,S 

Forbidden  Transitions 


For  this  ion  we  have  performed  the  numerical  calculations  by  utilizing  Ufford  and  Gilmour’s 

[1]  values  for  the  parameters  £  and  17  and  empirical  term  intervals,  and  by  employing  the  general 
expressions  of  Shortley,  Aller,  Baker,  and  Menzel  [2J  for  the  line  strengths  in  the  p3  configuration 
(see  also  general  introduction).  For  the  electric  quadrupole  lines  we  have  employed  Garstang’s 
[3]  estimate  of  the  quadrupole  integral  sq.  For  the  2D°  —  2D°  transition  a  difference  between  the 
transition  probability  quoted  by  Garstang  [4]  and  the  tabulated  value  will  be  noticed.  This  is 
due  to  a  revised  experimental  value  for  the  term  interval  as  given  by  Bowen  [5], 
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N  I.  f  orbidden  Transitions 


Nh. 

r 

Transition 

Multiple! 

~  1 

A!  A) 

Eilcm  ■) 

i\(onr') 

g> 

gk 

j 

Type  nfj 

/f*i(sec_l) 

S(at.u.) 

Aecu- 

Source 

Array 

Transition 

racy 

1 

2p'-2p' 

'S°-*D° 

i  j 

(1  F) 

5200.7 

0 

19223.9  | 

4 

6 

m 

7.4  x  10-2 

2.32  X  10  " 

c 

1 

5200.7 

0 

19223.9 

4 

6 

e 

6.2  X  10-B 

8.4  X  10r’ 

D 

1,  2 

5198.5 

0 

19233  1 

4 

4 

m 

1.23  X  lO* 

2.55  X  10  7 

C 

1 

5198.5 

0 

19233.1 

4 

4 

e 

4.0  X  10-6 

3.6  X  10-* 

D 

1,  2 

2 

1 

(2  F) 

3466.4 

0 

28840 

4 

4 

m 

0.0062 

| 

,  3.82  X  10-* 

C 

1 

j 

3466.4 

0 

28840 

4 

4 

e 

1.3.4  X  10"8 

4.1  X  10-* 

D 

1.  2 

3466,4 

0 

28840 

4 

2 

m 

jO. 00247 

1  7.6  X  10-s 

C 

1 

3466.4 

!  o 

1  28840 

4 

2 

i  <■ 

1.1  x  10-7 

|  6.4  X  10  8 

D 

1,  2 

55 


N  I.  Forbidden  Transitions  —  Continued 


No. 

Transition 

Array 

Mulliplet 

X(A) 

A'itcm  ') 

Ekic  m  0 

— 

gk 

.4 ^  it  ?*<*<■ 

•Siat.u.) 

Accu¬ 

racy 

Source 

3 

2D°--D° 

(10.9  x  10«| 

19223.9 

19233.1 

6 

4 

m 

1.25  x  10  K 

2.40 

B 

1 

1 10.9  x  10*1 

19223.9 

19233.1 

t> 

4 

C 

2.4  x  10  -■ 

8.9  X  !.. 

I) 

1.  2 

4 

2D°  — 2P° 

<3  Ft 

10393.4 

19223.9 

28840 

6 

4 

n 

3  x  10  1 

1 .55  x  10  4 

t  ' 

1 

10395.4 

19223.9 

28840 

6 

4 

V 

.054 

1.5.6 

<: 

1.2 

10395.4 

19223.9 

28840 

6 

2 

C 

0.0308 

4. 45 

r 

i.  2 

10404.1 

19233.1 

28840 

4 

4 

m 

0.00165 

2.75  x  10  4 

<: 

1 

1923.4.1 

4 

4 

e 

0.0230 

6.7 

c 

1,  2 

IO404.I 

19233.1 

4 

m 

0.00103 

8.6  x  10  5 

c 

1 

10404. 1 

19233.1 

28840 

4 

2 

e 

0.0460 

6.7 

c 

1.  2 

Nil 


Ground  State 


Is*  2s-  2p-  »P„ 


Ionization  Potential 


29.593  =  2.18751.1  nir1 


Allowed  Transitions 

List  of  tabulated  lines: 


W  avelength  |  \] 

No. 

Wavelength  |A| 

No. 

Wavelength  (A) 

No. 

529.343 

10 

745.836 

6 

2493.94 

47 

529.405 

10 

746.976 

8 

2496.88 

47 

529.481 

10 

775.957 

I 

2520.27 

46 

529.627 

10 

915.603 

2 

2520.85 

46 

529.713 

10 

915.955 

2 

2522.27 

46 

529.860 

>0 

916.004 

2522.46 

46 

533.504 

9 

916.700 

2 

2524.49 

46 

533.51 

9 

1083.98 

1 

2526.17 

46 

533.577 

9 

1084.57 

1 

2709.82 

49 

533.644 

9 

1085.5 

1 

2799.20 

48 

533.726 

9 

1085.54 

1 

3(M)6.86 

.38 

533.809 

9 

1085.70 

1 

3023.80 

50 

572.07 

13 

1886.82 

24 

3.311.4 

.39 

574.650 

12 

2206.10 

14 

.3.318.14 

.39 

582  150 

11 

2316.46 

45 

.3324.58 

39 

635.180 

14 

2316.65 

45 

.3.328.79 

.39 

614.621 

3 

2317.01 

45 

3.330.30 

39 

644.825 

3 

2319.94 

45 

.3331.32 

.39 

645.167 

3 

2321.65 

15 

.34.37. 16 

20 

660.280 

.1 

2325.16 

45 

.3593.60 

40 

671.014 

7 

2461.30 

51 

3609.09 

40 

671.391 

1  7 

2  488.12 

47 

3615.88 

40 

671.629 

7 

2188.75 

47 

3829.80 

41 

671.770 

7 

2490.37 

47 

38.38.39 

41 

671.999 

7 

2493. 16 

47 

.3842.20 

41 
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Lis!  of  tabulated  lines  —  Continued 


\\  avflciifilh  |  \| 

\... 

\\  avelen«th  |  \  | 

No. 

Wavelength  |A] 

\». 

3817.38 

31 

5012.03 

22 

5941.67 

31 

3855.08 

31 

5016.39 

27 

5952.39 

.31 

3856.07 

31 

5023.11 

22 

5954.28 

60 

3919.01 

26 

5025.67 

27 

5960.93 

31 

3995.00 

19 

5030  76 

27 

6114.6 

52 

3026.08 

62 

50  35.10 

16 

61.36.89 

52 

1030.9 

61 

5103.35 

33 

6150.76 

52 

3123.08 

23 

5168.23 

37 

6167.82 

52 

3133.67 

23 

5170.08 

37 

6170.16 

52 

3135.76 

23 

5171.30 

37 

6173.40 

52 

3176.16 

6.3 

5171.46 

37 

6242.52 

59 

3227.75 

32 

5172.32 

35 

6234.30 

34 

3239.3 

63 

5173.37 

35 

6318.80 

55 

3317.9 

65 

5173.36 

37 

6328.39 

55 

3327.97 

65 

5175.89 

35 

6.340.57 

55 

3  331.82 

65 

5176.56 

37 

6346.86 

55 

3332.73 

65 

51 77.06 

35 

6356.55 

55 

3333.38 

65 

5179.50 

35 

6357.57 

DD 

3331.99 

65 

5179.50 

37 

6482.07 

18 

3337.03 

25 

5180.33 

35 

6491.79 

54 

3  359.96 

29  ! 

5183.21 

37 

6504.61 

54 

3365.53 

29 

5183.96 

35 

6522.39 

54 

3375.8 

29 

1  5186.17 

37 

6532.55 

54 

3377.73 

•Ml 

5190.32 

35 

6544.16 

54 

3388.15 

29 

5191.97 

35 

6545.53 

54 

3507.56 

29 

5199.50 

35 

6.354.47 

54 

3530.30 

67 

5313.33 

.36 

6610.58 

3.3 

3552.53 

66 

5320.96 

36 

6629.80 

53 

3601.38 

17 

5327.35 

36 

6809.99 

58 

3607.16 

17 

5338.66 

36 

6834.09 

58 

3613.87 

17 

5330  20 

36 

6847.24 

58 

3621.39 

17 

5351.21 

,36 

6941.75 

57 

3630.53 

17 

5452.12 

32 

6966.81 

57 

3633.09 

17 

5353.26 

32 

6975.64 

.57 

3677.93 

68 

5362.62 

.32 

700.3.0 

57 

4773.22 

28 

5378.13 

.32 

701.3.98 

57 

3779.71 

28 

5380.10 

32 

7014.7.3 

57 

3781.17 

28 

5395.70 

.32 

71.38.87 

56 

3788.13 

28 

5526.26 

21 

7188.20 

56 

3793.66 

28 

5530.27 

21 

7214.6 

56 

3803.27 

28 

| 

5535.39 

21 

7215.06 

56 

3810.29 

28 

5530.16 

21 

7241.8 

56 

3987.38 

30 

5533.39 

21 

7256.5.3 

56 

3991.22 

22 

5551.95 

21 

3993.36 

22 

5552.53 

21 

3993.36 

30 

5565.30 

2) 

3997.23 

22 

5666.63 

15 

5001.13 

27 

5676.02 

15 

5001.37 

27 

5679.56 

15 

5002.69 

16 

5686.21 

15 

5005. 1 3 

22 

5710.76 

15 

5005.1 3 

27 

5730.67 

15 

5007.32 

.30 

5927.82 

.31 

5010.62 

16 

5931.79 

31 

5011.23 

22 

5930.25 

.31 

Data  for  the  vacuum  ultraviolet  region  of  the  spectrum  arc  available  from  calculations  ol 
Bolotin  et  al.  [1]  and  Kelly  [2J.  Bolotin  et  al.  employ  a  “double  configuration”  approximation, 
i.e.,  they  include  to  a  first  approximation  the  effects  of  configuration  interaction  which  are  expected 
to  be  drastic  for  these  transitions.  Kelly’s  calculations,  in  which  these  effects  are  neglected,  are 
only  used  for  some  vacuum  uv  transitions  for  which  configuration  interaction  is  expected  to  be 
less  pronounced.  Nevertheless,  his  results  may  be  quire  uncertain.  For  higher  excited  lines, 
mainly  in  the  visible,  experimental  work  with  a  high  current  stabilized  arc  by  Mastrup  and  Wiese 
[3 j  compares  very  well  with  approximate  self-consistent  field  calculations  by  Kelly  |4)  and  the 
Coulomb  approximation.  All  these  methods  have  been  equally  weighted  in  arriving  at  averaged 
values.  However,  the  Coulomb  approximation  shows  strong  cancellation  effects  for  3s  —  4p  and 
3p  —  \d  transitions  and  is  not  used  there.  Kelly’s  calculations,  which  seem  to  be  less  affected 
as  judged  from  his  fairly  high  ratios  between  the  positive  and  negative  contributions  to  the  transi¬ 
tion  integrals,  are  exclusively  used  in  these  cases.  For  some  multiplets  with  high  azimuthal 
quantum  numbers  in  the  3rf— 4/  array  (D-F  and  F-C)  only  multiplet  values  and  no  line  values  ire 
listed,  since  intensity  measurements  by  Eriksson  [5]  indicate  considerable  deviations  from  LS 
coupling  and  a  transition  to  pair  coupling. 
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Nil.  Allowed  Tran  iitions 


No. 

Transition 

Array 

Multiplet 

M  \l 

A', (cm  'i 

A*(<  in  ') 

P< 

r - ] 

p>. 

•b,l  10"  sec  >1 

jik 

.Slat.u.l 

\c<  li¬ 
ra*  \ 

Sourc 

! 

2s’2p’-2s2p:l 

3p  —  30° 

1083.1 

89.3 

9 2245 

9 

■ 

15 

5.7 

0.17 

5.4 

0.18 

K 

(luv) 

1085.70 

131.3 

92238 

5 

7 

5.7 

0.14 

2.5 

-0.15 

E 

1084.57 

49.1 

92251 

3 

5 

4.3 

0.13 

1.4 

-0.42 

E 

1083.98 

0.0 

92253 

1 

3 

3.2 

0.17 

0.60 

-0.77 

E 

1085.51 

131.3 

92251 

5 

5  1 

1.4 

0.025 

0.45 

-0.90 

E 

1084.57 

49.1 

92253 

3 

3 

2.4 

0.042 

0.45 

-0.90 

E 

[1085.5] 

131.3 

92253 

5 

3 

0.16 

0.0017 

0.030 

-2.07 

E 

2 

3  p  _  3p° 

9/6.34 

89.3 

100219 

9 

9 

18 

0.22 

6.0 

0.30 

E 

(2uv) 

916.700 

131.3 

109218 

5 

5 

13 

0.17 

2.5 

-0.08 

E 

916.004 

49.1 

109218 

3 

3 

4.4 

0.055 

0.50 

-0.78 

E 

916.700 

131.3 

109218 

5 

3 

7.3 

0.055 

0.84 

-0.56 

E 

915.955 

49.1 

109225 

3 

1 

18 

0.074 

0.67 

-0.65 

E 

916.004 

19.1 

109218 

3 

C 

•  1 

L4 

0  093 

0.84 

-0.56 

E 

915.603 

0.0 

109218 

1 

3 

5.9 

0.22 

0.67 

-0.65 

E 

3 

U 

T3 

i 

i 

'i 

o 

644.99 

89.3 

155130 

9 

3 

110 

0.23 

4.4 

0.32 

E 

(4uv) 

645. 167 

131.3 

155130 

5 

3 

62 

0.23 

2.4 

0.06 

E 

644.825 

49.1 

155130 

3 

3 

37 

0.23 

1.5 

-0.16 

E 

644.621 

0.0 

155130 

1 

3 

12 

0.23 

0.49 

-0.64 

E 

4 

*D  —  ‘0° 

775.957 

15316 

144189 

5 

5 

49 

0.45 

5.7 

0.35 

E 

( 7  u  v ) 

5 

*D  —  'P° 

660.280 

15316 

166766 

5 

3 

77 

0.30 

3  3 

0.18 

E 

(9uv) 

6 

1 

•v 

O 

745.836 

32687 

166766 

1 

3 

16 

0.40 

0.98 

— o.  to 

E 

1  (!2uv)  I 

Is 

Is 

Is 

Is 

Is 

Is 


Is 

Is 

Is 

Is 

Is 

Is 


Is 

J  , 
iS 

Is 
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N  II.  Allowed  Transitions  —  Continued 


\i». 

I  raii'ition 

Mtiltiplci 

ai  A: 

/ulrni  ‘| 

-  .  — 

& 

— 

.4*, (10"  ') 

u 

.Slat. u. i 

rS 

Ac-«  u 

Suuriv 

Array 

racy 

7 

2pl  — 

3p  _  3p« 

A  71.48 

89.8 

1490.8 

9 

9 

13 

0.089 

1.8 

-0.10 

E 

2 

2p(JP°)3s 

(3uv) 

671.391 

131.3 

149077 

5 

5 

9.9 

0.067 

0.74 

-0.48 

E 

Is 

671.629 

49.1 

148941 

3 

3 

3.3 

0.022 

0.15 

-1.18 

E 

Is 

671.999 

131.3 

148941 

5 

3 

5.5 

0.022 

0.25 

-0.95 

E 

Is 

671.770 

19.1 

148909 

3 

1 

13 

0.030 

0.20 

- 1.05 

E 

Is 

67!. 014 

49.1 

149077 

3 

5 

3.3 

0.037 

0.25 

-0.95 

E 

Is 

671.391 

0.0 

148941 

1 

3 

4.4 

0.89 

0.20 

- 1  05 

E 

Is 

8 

746.976 

15316 

149189 

5 

3 

20 

0.10 

1.2 

-  0.30 

E 

2 

(8uv) 

9 

o_2 

*P 

:IP  — 3D° 

.5.1167 

89.8 

187472 

9 

15 

36 

0.26 

4.1 

0.37 

D- 

2 

2p(*P°)3r/ 

(5uv) 

533.726 

131.3 

187493 

5 

7 

36 

0.22 

1.9 

0.04 

D- 

1$ 

533.577 

49.1 

187462 

3 

5 

27 

0.19 

1.0 

-0.23 

D- 

Is 

533.504 

0.0 

187438 

1 

3 

20 

0.26 

0.45 

-0.59 

D- 

Is 

533.809 

131.3 

187462 

5 

5 

9.1 

0.039 

0.34 

-0.71 

D- 

Is 

533.644 

49.1 

187438 

3 

3 

15 

0.065 

0.34 

-0.71 

D- 

Is 

1533.51] 

0.0 

187438 

if 

3 

1.0 

0.0026 

0.023 

-1.89 

D- 

Is 

10 

:tp  _  3p° 

.529.68 

89.8 

188884 

9 

9 

20 

0.082 

1.3 

-0.13 

D- 

2 

(6uv) 

529.860 

131.3 

188858 

5 

5 

15 

0.062 

0.54 

-0.51 

D- 

Is 

529.481 

49.1 

188910 

3 

3 

4.9 

0.020 

0.11 

-1.21 

D- 

Is 

529.713 

131.3 

188910 

5 

3 

8.1 

0.021 

0.18 

-0.99 

D- 

Is 

529.405 

49.1 

188938 

3 

1 

20 

0.027 

0.14 

-1.09 

D- 

Is 

529.627 

49.1 

188858 

3 

5 

4.9 

0.034 

0.18 

-0.99 

D- 

Is 

529.343 

0.0 

188910 

1 

3 

6.5 

0.082 

0.14 

-1.09 

D- 

Is 

11 

'D—  'D° 

582.150 

15316 

187092 

5 

5 

13 

O.Ofri 

0.61 

-0.50 

D- 

2 

(10uv) 

12 

iD_.p 

574.650 

15316 

189336 

5 

7 

35 

0.24 

2.3 

0.08 

D- 

2 

(lluv) 

13 

'D-'P° 

[572.07] 

153)6 

190121 

5 

3 

0.97 

0.0029 

0.0270 

•  1.84 

D- 

2 

14 

'S-'P° 

635.180 

32587 

190121 

1 

3 

18 

0.32 

0.68 

-0.49 

n- 

2 

(13uv) 

15 

2p3s  — 

3p°  _ 

56 79.4 

/ 490 13 

166616 

9 

15 

0.5(i 

0.452 

76 

0.61 

C 

3,  4,  ca 

2p(JP°)3p 

(3) 

5679.56 

149077 

166679 

5 

7 

0.56 

0.380 

35.5 

0.278 

C 

Is 

5666.64 

148941 

166583 

3 

5 

0.423 

0.339 

19.0 

0.008 

C 

Is 

5676.02 

148909 

166522 

1 

3 

0.310 

0.450 

8.4 

-0.347 

C 

Is 

5710.76 

149077 

166583 

5 

5 

0.137 

0.067 

6.3 

-0.475 

C 

Is 

5686.21 

148941 

166522 

3 

3 

0.231 

0.112 

6.3 

-0.473 

c 

Is 

5730.67 

149077 

166522 

5 

3 

0.0152 

0.00448 

0.423 

-1.65 

c 

Is 

* 

i  v  t 

■'P°  —  :,S 

.5028.8 

149018 

168893 

9 

3 

0.76 

0.097 

14.4 

-0.061 

c 

3,  4,  ca 

(4) 

5045.10 

149077 

168893 

5 

3 

0.410 

0.094 

7.8 

-0.328 

c 

3  n 

5010.62 

148941 

168893 

3 

3 

0.268 

0.101 

5.0 

-0.52 

c 

3  n 

5002.69 

148909 

168893 

1 

3 

0.085 

i 

0.095 

1.57 

-1.021 

c 

3  n 

17 

3p°  _  3p 

4628.2 

149018 

170687 

9 

9 

1.05 

0.337 

46.1 

0.481 

c 

3,  4,  ca 

(5) 

4630.54 

149077 

170667 

5 

5 

0.84 

0.269 

20.5 

0.129 

c 

3  n 

4613.87 

148941 

170609 

3 

3 

v’,196 

C  063 

2.85 

-0.73 

c 

3  n 

4643.09 

149077 

170609 

5 

3 

0.466 

0.C5O 

6.9 

-0.345 

c 

3  n 

4621.39 

148941 

170573 

3 

1 

090 

0.0% 

4.37 

-0.54 

c 

3  n 

4601.40 

148941 

170667 

3 

5 

0.270 

0.143 

6.5 

-0.368 

c 

3  n 

4607.16 

148909 

170609 

1 

3 

0.340 

0.325 

4.93 

-0.488 

c 

3  n 

59 
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\.i 

1  raiiMlinn 

Mulli|iii'i 

A(  \l 

A, trm  'l 

f.ntein  '1 

A 

.-/*,<  10s  ~re  '1 

U 

.Via)  u. l 

| 

■‘•(i  Kt 

Vccu- 

Si  Hirer 

Arr  j; 

?  ar\ 

18 

tpc  _  lp 

6-t82  07 

149189 

164612 

3 

3 

0.5f>5 

0.230 

14.7 

-0.162 

c 

k  ca 

(8i 

19 

tp«  _  ip 

3995.00 

149189 

174213 

3 

5 

1.58 

0.6.3 

24.8 

0.276 

c 

4.  ca 

(12) 

20 

>P°-'S 

3437.16 

149)89 

178274 

i 

i 

2.40 

0.142 

4.82 

—  0.371 

c 

1,  ca 

(13) 

21 

2i2pI3j  — 

5F->D° 

.5.537 .4 

203b  77 

223731 

15 

25 

0.56 

0.4.32 

118 

0.81 

c 

ca 

2s2pVP).3p 

(63) 

5535.39 

205726 

223787 

7 

9 

0.56 

0.3.34 

42.6 

0.368 

<: 

Is 

5530.27 

205656 

223733 

5 

l 

0.377 

0.242 

22.0 

0.083 

c 

Is 

5526.26 

205600 

223690 

3 

5 

0.198 

0.151 

8.3 

-0.343 

c 

Is 

5551.95 

205726 

223733 

*7 

i 

0.187 

0.086 

11.0 

-0.219 

c 

Is 

5543.49 

205656 

223690 

5 

5 

0.327 

0.151 

13.8 

-0.12.3 

c 

Is 

5535.39 

205600 

223660 

3 

.3 

0.422 

0.194 

10.6 

-0.2.35 

c 

Is 

5565.30 

205726 

223690 

l 

5 

0.0.370 

0.0123 

1.57 

-  1.066 

c 

Is 

5552.54 

205656 

223660 

5 

.3 

0.140 

0.0.387 

3.54 

-0.71 

c 

Is 

5540.16 

205600 

223645 

3 

1 

0.56 

0.086 

4.71 

-0.59 

<7 

Is 

22 

»P-*P° 

3006.9 

203677 

223644 

15 

15 

0.77 

0.291 

72 

0.64 

C 

ca 

(64) 

5012.03 

205726 

225673 

7 

7 

0.51 

0.194 

22.4 

0.132 

c 

is 

5005.14 

205656 

225629 

5 

5 

0.064 

0.0242 

2.00 

-0.92 

c 

Is 

4997.23 

205600 

225605 

.3 

.3 

0.194 

0.07.3 

3.59 

-  0.66 

c 

Is 

5023.11 

205726 

225629 

7 

5 

0.358 

0.097 

11.2 

-0.170 

c 

Is 

5011.24 

205656 

22.5605 

5 

3 

0.58 

0.131 

10.8 

-0.185 

c 

Is 

4994.36 

205656 

225673 

5 

7 

0.260 

0.136 

11.2 

-0.170 

c 

Is 

4991.22 

205600 

225629 

3 

5 

0.351 

0.218 

10.8 

-0.184 

c 

Is 

«T  > 
-J 

’P  —  SS° 

4137.4 

203677 

229840 

15 

5 

1.37 

0  117 

24.0 

0.244 

<; 

ca 

(65) 

4145.76 

205726 

229840 

l 

5 

0.64 

0.117 

11.2 

-  0.087 

c 

Is 

4133.67 

205656 

229840 

5 

5 

0.458 

0.117 

8.0 

-0.2.32 

c 

Is 

4124.08 

205600 

229840 

.3 

'* 

0.276 

0.117 

4.78 

-0.45.3 

c 

Is 

24 

2p3s  — 

Ipo  _  Ip 

1886.82 

149189 

202170 

3 

.3 

0.52 

0.028 

0.52 

-  1.08 

D 

2p(2P°)4p 

(14uv) 

25 

2p3p  - 

'P  —  'D° 

1447.03 

164612 

187092 

3 

5 

1.30 

0.642 

28.2 

0.285 

C  + 

3,  4,  ca 

2p(2P°)3r/ 

(15) 

26 

lp  —  lp° 

3919.01 

164612 

190121 

3 

3 

1.00 

0.231 

8.9.3 

-0.160 

C  + 

3,  4,  ca 

(17) 

2? 

'D-'F0 

3001.3 

1666 ib 

186393 

15 

21 

1.22 

0.6.39 

158 

0.982 

c  + 

3,  4,  ca 

(19) 

5005.14 

166679 

186653 

7 

9 

1.22 

0.588 

67.8 

0.614 

c  + 

Is 

5001.47 

166583 

186572 

5 

i 

1.08 

0.568 

46.8 

0.454 

C  4- 

Is 

5001.13 

166522 

186512 

.3 

5 

1.02 

0.640 

31.6 

0.28.3 

C  + 

Is 

5025  67 

166679 

186.572 

7 

7 

0.1.34 

0.0506 

5.86 

-0.451 

C  4* 

Is 

5016.39 

166583 

186512 

5 

5 

0.188 

0.0710 

5.86 

-  0.450 

c  + 

Is 

5040.76 

166679 

186512 

7 

5 

0.°0525 

0.00143 

0.166 

-  1.999 

t:  + 

Is 

28 

:'I)- 'P° 

47913 

16661b 

187472 

15 

15 

0.356 

0.12.3 

29.0 

0.264 

c  + 

3,  4.  ca 

(20) 

1803.27 

166679 

187  493 

7 

7 

0.313 

0.108 

12.0 

-0.120 

C  4* 

Is 

4788.13 

166583 

187462 

5 

5 

0.248 

0.0854 

6.7.3 

-0.370 

c  + 

Is 

1779.71 

166522 

187438 

.3 

3 

0.269 

0.0921 

4.35 

-  0.558 

c  + 

Is 

’810.29 

166679 

187462 

7 

5 

0.0550 

0.01.36 

1.51 

-1.021 

c  + 

Is 

1/93.66 

166583 

187438 

5 

.3 

0.0889 

0.0184 

1.45 

-  1.0.37 

c  + 

Is 

1781.17 

166583 

187  49.3 

5 

7 

0.0400 

0.0192 

1.51 

-  1.018 

C  4* 

Is 

1774.22 

166522 

187462 

.3 

5 

0.0540 

0.0308 

1.45 

-  1.0.35 

c  + 

Is 

SO 
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V 

1  r  dii-ilicii 

Mtllllplcl 

A(  \l 

A, (cm  1 1 

A7»  (cm  ') 

£■ 

ft 

1 

.4S  I 10-  »rc  >1 

u 

.S(a*..u. ) 

l"g  ff 

Acci'- 

Snurce 

Arras 

racy 

2U 

'D  —  ‘P° 

im.4 

/666/6 

188884 

<5 

9 

0.(4460 

0.0083 

1.85 

-0.90 

c 

4.  ca 

(21) 

4507  >6 

166679 

188858 

* 

5 

0.0381 

0.0083 

0.86 

-1.237 

L. 

Is 

4477. 7 1 

166583 

188910 

5 

3 

0.0348 

0.0063 

0.463 

-1.50 

C 

Is 

4459.% 

166522 

188938 

.3 

1 

0.0468 

0.0(4465 

0.205 

-1.86 

C 

Is 

4488.(5 

166583 

188858 

5 

5 

0.0069 

0.00208 

0.154 

-1.98 

c 

Is 

4465.54 

166522 

188910 

3 

•I 

t3 

0.0117 

0.00349 

0.154 

-1.98 

c 

Is 

14475.8] 

166522 

188858 

3 

5 

4.65  x  104 

2.33  X  10-4 

0.0103 

-3.156 

c 

Is 

.to 

;,S  —  -'I*0 

5000.8 

168893 

188884 

3 

9 

0.75 

0.84 

41.4 

0.401 

c 

3,  4.  ca 

ca 

(24) 

5007.32 

168893 

188858 

3 

5 

0.77 

0.483 

23.9 

0.161 

c 

3  n 

Is 

4994.36 

168893 

188910 

3 

3 

0.74 

0.276 

13.6 

-0.082 

c 

3  n 

is 

Is 

4987.38 

168893 

188938 

3 

1 

0.63 

0.078 

3.a3 

-0  63 

c 

3  n 

Is 

:u 

»p— u0 

5938.5 

/  78637 

187472 

9 

15 

0.565 

0.498 

87.6 

0.651 

c  + 

3,  4,  ca 

IS 

(28) 

Is 

5941.67 

170667 

187493 

5 

7 

0.564 

0,418 

40.9 

0.320 

c  + 

Is 

Is 

5931.79 

170609 

187462 

3 

5 

0.425 

0.374 

21.9 

0.050 

c  + 

Is 

Is 

5927.82 

170573 

187438 

1 

3 

0.315 

0.498 

9.72 

-0.303 

c  + 

Is 

Is 

5952.39 

170667 

187462 

s 

5 

0.140 

0.0745 

7.30 

-0.429 

c  + 

Is 

5940.25 

170609 

187438 

3 

.3 

0.235 

0.124 

7.30 

-0.428 

c  + 

Is 

ca 

1 

5960.93 

170667 

187438 

5 

3 

0.0155 

0.00496 

0.487 

-1.605 

c  + 

Is 

Is 

32 

ip  _  :<po 

54  78.8 

/ 7063 7 

188884 

9 

9 

0.400 

0.180 

29.2 

0.209 

c 

4,  ca 

Is 

1 

(29) 

Is 

5495.70 

170667 

188858 

h 

5 

0.298 

0.135 

12.2 

-0.171 

c 

Is 

Is 

5462.62 

170609 

188910 

3 

3 

0.101 

0.0450 

2.43 

-0.87 

c 

Is 

Is 

5480.10 

170667 

188910 

5 

3 

0J67 

0.0450 

4.06 

-0.65 

c 

Is 

Is 

5454.26 

170609 

188938 

3 

1 

0.405 

0.060 

3.24 

-0.74 

c 

Is 

Is 

5478.13 

170609 

188858 

5 

0.100 

0.075 

4.06 

-0.65 

c 

Is 

ca 

5452.12 

170573 

188910 

1 

3 

0.135 

0.181 

3.24 

-0.74 

c 

Is 

/. 

.33 

'D-'P 

6610.58 

174213 

189336 

.3 

■7 

/ 

0.59 

0.54 

59 

0.433 

c 

4.  ca 

Is 

(31) 

Is 

34 

1 D  — 1  P° 

6284.30 

174213 

190121 

5 

3 

0.0188 

0.0067 

0.69 

-1.477 

c 

4.  ca 

t 

(32) 

.35 

2s‘2pi'.\p  — 

’D°  —  *F 

5/77.8 

22373/ 

24.30.39 

25 

35 

1.02 

0.57 

244 

1.154 

c 

ca 

2s2pVP)3</ 

(66) 

5179.50 

223787 

243088 

9 

11 

1.02 

0.50 

70 

0.65 

c 

Is 

5175.89 

2237.33 

143048 

4 

9 

0.85 

0.440 

52 

0.488 

c 

Is 

5173.37 

223690 

243014 

5 

7 

0.70 

0.394 

.33.5 

0.294 

c 

Is 

I  tu 

5172.32 

223660 

242989 

3 

n 

0.57 

0.382 

19.5 

0  060 

c 

Is 

5172.32 

223645 

242973 

1 

3 

0.476 

0.57 

9.8 

-0.242 

c 

Is 

5190.42 

223787 

243048 

9 

9 

0.169 

0.068 

10.5 

-0.211 

c 

Is 

5184.96 

223733 

213014 

7 

7 

0.305 

0.123 

14.7 

-0.066 

c 

Is 

Ik 

5180.34 

223690 

242989 

c 

5 

0.407 

0.164 

14.0 

-0.087 

c 

Is 

5177.06 

223O60 

242973 

.3 

3 

0,475 

0.191 

9.8 

-0.242 

c 

Is 

Ik 

5199.50 

22.3787 

24.3014 

9 

7 

0.0144 

0.00454 

7.0 

-1.388 

c 

Is 

Ik 

5191.97 

22373.3 

242989 

7 

5 

0.(4405 

0.0117 

1.40 

- 1.088 

c 

Is 

Is 

5184.96 

223690 

242973 

5 

3 

0.068 

0.016.3 

1.40 

-1.088 

c 

Is 

Is 

36 

.-.p°_r>p 

5335.8 

225644 

244880 

15 

15 

0,417 

0.178 

46.8 

0.427 

c 

ca 

(69) 

5351.21 

22567.3 

244355 

7 

7 

0.275 

0.118 

14.6 

-0.082 

c 

is 

/c 

5327.45 

225629 

244393 

5 

5 

0.0349 

0.0148 

1.30 

-1.129 

c 

Is 

le 

5313.43 

225605 

244419 

3 

3 

0.106 

0.0447 

2.34 

-0.87 

c 

Is 

/c 

5340.20 

225673 

244393 

7 

•5 

0.194 

0.059 

7.3 

-0.382 

c 

Is 

/c 

5320.96 

225629 

244419 

5 

.3 

0.315 

0.080 

7.0 

-0.3% 

c 

Is 

5.338.66 

225629 

244355 

5 

*7 

1 

0.139 

0.083 

7.3 

-0.383 

c 

Is 

5320.96 

225605 

24439.3 

3 

r> 

0.189 

0.134 

7.0 

-0.397 

c 

/.- 

is 
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No. 

Transition 

Arrav 

Multiple! 

XI  A) 

E.lem"1) 

Etlcm  ') 

1 

ft 

Ak!i\  0*  see1) 

U 

.Slat.u  1 

1 

Act  j  \ 
racy 

Source 

37 

5P°~3D 

51 7.5.9 

225644 

744059 

15 

25 

0.83 

0.56 

142 

0.92 

c 

ca 

(70) 

5179.50 

225673 

244974 

“T 

i 

9 

0.83 

0.429 

51 

0.478 

c 

Is 

5171.46 

225629 

244960 

5 

7 

0.56 

0.312 

26.5 

0.193 

c 

Is 

5168.24 

225605 

241949 

3 

5 

0.292 

0.195 

9.9 

-0.233 

c 

Is 

5183.21 

225673 

241960 

7 

7 

0.276 

0.1!) 

13.3 

-0.109 

C 

Is 

5174.46 

225629 

244949 

5 

5 

0.485 

0  i  95 

16.6 

-0.012 

c 

Is 

5170.08 

225605 

244941 

3 

3 

0.62 

0  250 

12.8 

-0.124 

c 

Is 

5186.17 

225673 

244949 

7 

5 

0.055 

0.0159 

1.90 

-0.95 

c 

Is 

51 76.56 

225629 

244941 

5 

3 

0.208 

0.050 

4.26 

-0.60 

c 

Is 

5171.30 

225605 

244937 

3 

! 

0.83 

0.111 

5.7 

-0.477 

c 

Is 

38 

2p3p- 

■F-'P 

3006.86 

16-1612 

197859 

3 

3 

0.54 

0.07.3 

2.17 

-0.66 

c 

C(1 

2p(IFps 

(18) 

1 

39 

3D-3F 

3328.3 

166616 

196653 

15 

9 

1.11 

0.111 

18.2 

0.220 

c 

ca 

(22) 

3328.79 

166679 

196712 

7 

5 

0.93 

0.111 

8.5 

-0.110 

c 

Is 

.3331.32 

166583 

196593 

5 

3 

0.83 

0.083 

4.55 

-0.382 

c 

Is 

3330.30 

166522 

196541 

3 

1 

1.11 

0.061 

2.02 

-0.73 

c 

Is 

3318.14 

166583 

I967:_ 

5 

5 

0.169 

0.0278 

1.52 

-0.86 

c 

Is 

3324.58 

166522 

19659.4 

3 

3 

0.279 

0.046.3 

1.52 

-0.86 

c 

Is 

(3311.41 

166522 

196712 

3 

«“> 

0.0113 

0.00309 

0.101 

-  2.033 

c 

Is 

40 

3$  _  3p° 

3601.3 

168893 

196653 

3 

9 

0.230 

0.134 

4.77 

-  0.395 

c 

ca 

(26) 

3593.60 

168893 

196712 

3 

5 

0.231 

0.075 

2.65 

-0.65 

c 

Is 

3609.09 

168893 

196593 

3 

3 

0.228 

0.0446 

1.59 

-0.87 

c 

Is 

3615.88 

168893 

196541 

3 

1 

0.227 

0.0148 

0.53 

-1.-5/ 

c 

Is 

41 

lip  _  3p° 

3842.7 

170637 

196653 

9 

9 

0.69 

0.153 

17.4 

0.138 

c 

ca 

(30) 

3838.39 

170667 

196712 

5 

5 

0.52 

0.116 

7.3 

-  0.238 

c 

Is 

38-17.38 

170609 

1 96593 

3 

3 

0.172 

0.0382 

1.45 

-0.94 

c 

Is 

.3856.07 

170667 

196593 

5 

3 

0.285 

0.0381 

2.42 

-0.72 

c 

Is 

3855  08 

170609 

196541 

3 

1 

0.68 

0.051 

1.93 

-0.82 

c 

Is 

3829.80 

170609 

196712 

3 

5 

0.175 

0.064 

2.42 

-0.72 

c 

Is 

3842.20 

170573 

196593 

1 

3 

0.230 

0.153 

1.93 

-0.82 

c 

Is 

42 

'D~-P° 

4227.75 

174213 

197859 

5 

3 

1.06 

0.171 

11.9 

-0.068 

c 

ca 

(33) 

43 

'S-  'P° 

51 04.45 

178274 

197859 

1 

3 

0.189 

0.222 

3.73 

-0.65 

c 

ca 

(34) 

44 

2p3p  - 

'P-'l)° 

2206.10 

161612 

209927 

3 

5 

0.49 

0.060 

1.3 

-0.75 

D- 

4 

2pi2P°)4r/ 

( 15uv) 

43 

•1D  —  ;,F° 

2317.1 

166616 

209761 

15 

21 

0.56 

0.063 

7.2 

-0.03 

D- 

4 

( I6uv ) 

1 

2317.0! 

166679 

209825 

1 

i 

9 

0.56 

0.058 

3.1 

-  0.39 

D- 

Is 

2316.16 

166583 

209740 

5 

7 

0.49 

0.055 

2.1 

-0.56 

D- 

Is 

23 16.65 

1 66522 

20%  75 

3 

5 

0.46 

0.061 

1.4 

-0.74 

D- 

Is 

2321.65 

166679 

209740 

i 

t 

0.062 

0.0050 

0.27 

-  1.45 

D- 

Is 

2319.94 

166583 

209675 

5 

5 

0.088 

0.0071 

(1.27 

-  1.45 

[)- 

Is 

2325.16 

166679 

209675 

7 

5 

0.0024 

1.4x  10-* 

0.0076 

-  3.00 

D- 

Is 

46 

3P-3D° 

■2521. 9 

170637 

■210278 

9 

15 

0.33 

0.052 

3.9 

-0.33 

I)- 

4 

( 19uv) 

2522.27 

1 706  5 

210302 

5 

7 

i 

0.32 

0.043 

1.8 

-0.66 

D- 

Is 

2520.85 

1 706  09 

210266 

3 

5 

0.25 

0.039 

0.97 

-  0.93 

D- 

Is 

2520.27 

170573 

210240 

1 

3 

0.18 

0.052 

0.43 

-  1.29 

D  — 

Is 

2524.49 

170667 

210266 

5 

5 

0.081 

0.0077 

0.32 

-  1.41 

D- 

Is 

2522.46 

170609 

2  i  0240 

3 

3 

0.13 

0.013 

0.32 

-1,41 

P- 

Is 

2526.17 

170667 

210240 

5 

3 

00092 

5.3  Y  lO'4 

0.022 

-2.58 

P- 

Is 

62 


IN  II.  Allowed  Transitions  —  Continued 


\n. 

1  ran-ilioi; 

M  ultipli  t 

A<  A I 

A', (cm  ‘) 

A'*(cm  ‘) 

g-- 

g>. 

.4^(10"  sei'  ') 

U 

Slal.u.l 

Wgf 

Accu- 

Source 

Array 

racy 

47 

:tp  _  ap° 

2/91.5 

/ 7063 7 

2/0729 

9 

9 

0.19 

0.018 

1.3 

—  0.80 

D- 

4 

(20uv) 

24%.88 

1 70667 

210705 

5 

5 

0.14 

0.013 

0.54 

-1.18 

D- 

Is 

2190.37 

170609 

210752 

3 

3 

0.048 

00045 

0.11 

-  1.87 

D- 

Is 

2493.91 

170667 

210752 

5 

3 

0.078 

0.0044 

0.18 

—  1.66 

D- 

h 

2188.75 

170609 

210777 

3 

1 

0.18 

0.0057 

0.14 

-1.77 

D- 

Is 

2493.16 

170609 

210705 

3 

5 

0.047 

0.0073 

0.18 

-  1.66 

D- 

Is 

2488.12 

170573 

210752 

1 

3 

0.061 

0.017 

0.14 

-1.77 

D- 

Is 

18 

1 1)  -  ‘D° 

(21uv) 

2799.20 

174213 

209927 

s 

5 

0.079 

0.009.3 

0.43 

-1.33 

D- 

4 

19 

'D-'P 

(22uv) 

2709.82 

174213 

2110.31 

5 

7 

0.35 

0.054 

2.4 

-0.57 

D- 

4 

so 

*S-'P° 

(35) 

3023.80 

178274 

211336 

i 

3 

0.14 

0.057 

0.57 

-1.24 

D- 

4 

51 

2p  3p  - 

'D-'P° 

2461.30 

174213 

214828 

5 

3 

0.353 

0.0193 

0.78 

—  1.017 

C 

4,  ca 

2pl2P°)5s 

(23uv) 

52 

2p'.id  — 

nP  —  1D 

6/68./ 

/ 865 93 

202801 

21 

15 

0.36.3 

0.148 

63 

0.492 

C 

4,  ca 

2p(2P°)4p 

(36) 

6167.82 

186653 

202862 

9 

7 

0.333 

0.148 

27.0 

0.124 

C 

Is 

6173.40 

186572 

202766 

7 

5 

0.320 

0.131 

18.6 

-0.0.39 

C 

Is 

6170.16 

186512 

202715 

5 

3 

0.362 

0.124 

12.6 

-  0.207 

C 

is 

6136.89 

186572 

202862 

7 

7 

0.0293 

0.0165 

2.34 

-0.94 

C 

Is 

6150.76 

186512 

202766 

5 

5 

0.0407 

0.0231 

2.34 

-0.94 

C 

Is 

6114.6 

186512 

202862 

5 

7 

8.4  x  10~4 

6.6  X  10~4 

0.066 

-2.48 

C 

Is 

53 

■D°  — 1 P 

6629.80 

187092 

202170 

5 

3 

0.283 

0.112 

12.2 

-0.253 

C 

4.  ca 

(41) 

54 

•‘D°-:,D 

652/. 8 

187472 

202801 

15 

15 

0.058 

0.0373 

12.0 

-0.253 

C 

4.  ca 

(45) 

6504.61 

187493 

202862 

7 

7 

0.052 

0.0332 

4.98 

-0.63 

c 

Is 

6532.55 

187462 

702766 

5 

5 

0.0404 

0.0259 

2.78 

-0.89 

c 

Is 

6544.16 

187438 

202715 

3 

3 

0.0434 

0.0278 

1.80 

-1.078 

c 

Is 

6545.53 

187493 

202766 

7 

s 

0.0090 

0.00411 

0.62 

-1.54 

c 

Is 

6554  47 

187462 

202715 

5 

3 

0.0144 

0.0056 

0.60 

-1.56 

c 

h 

6491.79 

187462 

202862 

5 

7 

0.0066 

0.0058 

0.62 

— 1.54 

c 

Is 

0522.39 

187438 

202766 

3 

5 

0.0088 

0.0093 

0.60 

-1.55 

c 

Is 

55 

■<D0  — :1P 

6 345.8 

187472 

20.3226 

15 

9 

0.306 

O.ill 

34.7 

0.220 

c 

4,  ca 

(46) 

6340.57 

187493 

203260 

7 

5 

0.258 

0.111 

16.2 

—  0.1 10 

c 

Is 

6356.55 

187462 

203189 

s 

3 

0.229 

0.083 

8.7 

-0.381 

c 

Is 

6357.57 

187438 

203165 

3 

1 

0.304 

0.061 

3.85 

-0.74 

c 

Is 

6328.39 

187462 

203260 

s 

5 

0.0462 

0.0277 

2.89 

-0.86 

c 

Is 

6346.86 

187438 

203189 

3 

3 

0.076 

0.0461 

2.89 

-0.86 

c 

Is 

6318.80 

187438 

203260 

3 

5 

0.00310 

0.00310 

0.193 

-2.033 

c 

Is 

56 

:,P°  —  T) 

7/83.5 

188884 

202801 

9 

15 

0  00324 

0.00418 

0.89 

—  1.424 

c 

4,  ca 

(52) 

7138.87 

188858 

202862 

5 

7 

0.00332 

0.00355 

0.417 

-1.75 

c 

Is 

7215.06 

188910 

202766 

.3 

5 

0.00242 

0.00314 

0.224 

-  2.026 

c 

Is 

7256.53 

188938 

202715 

1 

3 

0.00175 

0.00414 

0.099 

-  2.383 

c 

Is 

7188.20 

188858 

202766 

5 

5 

8.1  x  10-< 

6.3  X  10~4 

0.074 

-2.50 

G 

Is 

(7241.8) 

188910 

202715 

3 

3 

0.00132 

0.00103 

0.074 

-2.51 

t; 

Is 

(7214.6] 

188858 

202715 

5 

3 

8.9x  10  > 

4.18  X  10-5 

0.00497 

-3.68 

c 

Is 

57 

>p°  —  .ip 

6970.6 

188884 

20.3226 

9 

9 

0.086 

0.062 

12.9 

-0.250 

c 

4.  ca 

(53) 

6941.75 

188858 

20.3260 

5 

5 

0.065 

0.0473 

5.4 

-0.63 

c 

Is 

7003.0 

188910 

203189 

3 

3 

0.0224 

0.0165 

1.14 

-1.306 

c 

Is 

6975.64 

188858 

203189 

5 

3 

0.0356 

0.0156 

1.79 

-1.108 

c 

Is 

S3 
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Nil.  Allowed  Transitions  —  Continued 


\„ 

fi'ansithiii 

Multiple! 

At  \l 

A, (rill  ') 

Art  rm  ') 

Aft 

.•A,,',  10"  're  ') 

f.k 

N'ldt.ii.l 

f: 

Art  u- 

Sourer 

Array 

rae\ 

7013.98 

188910 

203165 

3 

1 

o.oat 

0.0206 

1.43 

-  1.208 

<. 

Is 

6966.81 

188910 

203260 

3 

5 

0.0215 

0.0260 

1.79 

-  1  108 

c 

Is 

7014.73 

188938 

203189 

1 

.3 

0.0280 

0.062 

1.43 

-  1  208 

c 

Is 

58 

ap°  _  35 

6824.5 

188884 

20353.3 

9 

3 

0.355 

0.08.3 

16.7 

-0.129 

c 

4,  cu 

(54) 

6809.99 

188858 

203533 

5 

.3 

0.199 

0.08.3 

9.3 

-  0.382 

c 

Is 

6834.09 

188910 

203533 

.3 

3 

0.118 

0.08.3 

5.6 

-0  60 

c 

Is 

6847.24 

188938 

203533 

1 

4 

0.0389 

0.082 

1.85 

-  1.086 

c 

Is 

59 

.p_in 

6242.52 

1893.36 

205.351 

t 

5 

0.341 

0. 1 12 

20.5 

-0.001 

c 

4,  ca 

(57) 

60 

• V 

0 

1 

rjn 

5954.28 

190121 

206911 

.3 

i 

0.421 

0.075 

4.39 

-  0.65 

c- 

4,  ca 

(60) 

61 

2pM- 

3F— -’G 

40  W. 9 

18659.; 

211882 

21 

27 

2.64 

0.83 

232 

1.24.3 

c 

t.  ca 

2pl2P°)4/ 

(39) 

62 

w 

o 

1 

6 

(40) 

4026.08 

186572 

211403 

i 

9 

0.90 

0.280 

26.0 

0.29.3 

c 

3 

63 

'D°-'F 

4176.16 

1 87092 

2110.31 

5 

7 

2.19 

0.80 

55 

0.60 

c 

4.  ca 

(42) 

64 

3QO  —  3f 

4289.4 

187472 

211058 

15 

21 

2.14 

0.81 

169 

1.08.3 

c 

4.  ca 

(48) 

65 

3P°-3D 

4484.6 

188884 

211428 

9 

15 

1.84 

0.91 

119 

0.91 

c 

4.  ca 

(55) 

4432.74 

188858 

211411 

5 

7 

1.86 

0.77 

56 

0.58 

c 

Is 

4441.99 

188910 

211416 

3 

5 

1.38 

0.68 

29.8 

0.309 

c: 

Is 

4433.48 

188938 

21 1 487 

1 

.3 

1.02 

0.90 

132 

-0.044 

c: 

Is 

4431.82 

188858 

211 416 

5 

5 

0461 

0.136 

9.9 

-0.168 

G 

Is 

4427.97 

188910 

211487 

.3 

3 

0.77 

0.226 

9.9 

-0.168 

c 

Is 

(4417.91 

188858 

211487 

5 

3 

0.032 

0.0091 

0.66 

-  1.343 

c 

Is 

66 

•F°-3G 

(58) 

4.352.54 

189336 

2112% 

7 

9 

0.76 

0.305 

32,0 

0.329 

c 

.3 

67 

>F°-‘G 

4530.40 

1893.36 

211 10.3 

7 

9 

1.69 

0.67 

70 

0.67 

c 

.3 

(59) 

68 

0 

1 

O 

a. 

1677,93 

190121 

211491 

3 

5 

1.65 

0.90 

41.8 

0.4.34 

c 

4,  ca 

(62) 

Forbidden  Transitions 

The  adopted  values  represent,  as  in  the  ease  of  Cl.  the  work  of  Garstang|l),  Naqvi  [ 2 1.  and 
Yamanouehi  and  Horie  j.3|,  who  have  independently  done  essentially  the  same  calculations  and 
arrived  at  very  similar  results.  For  the  selection  of  values,  the  same  considerations  as  for  Cl 
are  applied. 
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N  hi 


Ground  State 


Is2  2s2  2p  2P°,/2 


Ionization  Potential 


Allowed  Transitions 

List  of  tabulated  lines: 


47.426  e\  =  382625.5  cm-' 


W  avelength  [A] 

No. 

_ i 

\V  avelength  [  A] 

374.204 

1 

11 

772.9.3 

.374.44 

11 

772.975 

.374.441 

11 

979.77 

151.869 

10 

979.842 

152.226 

10 

979.919 

684.996 

.3  1 

980.01 

685.513 

3 

989.790 

685.816 

T 

991.514 

686.3.35 

3 

991.579 

763.310 

2 

1006.0 

761.357 

2 

1 18.3.0.3 

771.544 

4 

1 184.54 

771.901 

4 

1747.86 

772.385 

4 

1751.24 

772.891 

6 

1751.75 

Wavelength  [A] 


1804.3 

1805.5 

1885.25 
1908.11 

1917.7 

1918.7 

1919.5 

1919.7 
1920.0 
1920.86 

1921.49 

2063.50 
2063.99 

2068.25 

2247.7 
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List  of  tabulated  lines  —  Continued 


Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  (Aj 

r—  -  - 

No. 

2247.92 

25 

3771.08 

14 

4527.86 

22 

2248.88 

25 

3934.41 

18 

1530.84 

13 

2453.85 

26 

3938.52 

18 

1534.57 

13 

2459.2 

26 

3942.78 

18 

4535.11 

22 

2462.56 

26 

3998.69 

3! 

1546.36 

22 

2462.9 

26  j 

4003.6 

31 

1547.31 

13 

2466.3 

26 

4003.64 

31 

4858.74 

20 

2168.36 

26 

4097  31 

12 

4858.88 

20 

2169.1 

26 

1103.37 

12 

4861.33 

20 

2471.2 

26 

4195.70 

16 

1867.18 

20 

2972.60 

19 

4200.02 

16 

4873.58 

20 

2977.3 

19 

4215.69 

10 

1881.81 

20 

2978.8 

19 

4321.37 

21 

4384.14 

20 

2983.58 

19 

4323.93 

21 

1896.7 1 

20 

3342.77 

17 

4328.15 

21 

6445.05 

23 

3353.78 

15 

4330.14 

21 

6450.78 

23 

3354.29 

15 

4330.44 

21 

6453.95 

23 

3355.47 

17 

4335.53 

21 

6463.03 

23 

3358.72 

15 

4339.52 

21 

6466.86 

23 

3361.90 

15 

4348.36 

21 

6468.77 

2.3 

3365.79 

15 

4353.66 

21 

1 

6478.69 

23 

3367.36 

15 

4510.92 

13 

:>  187.55 

23 

3374.06 

15 

4514.89 

13 

3745.83 

14 

4518,18 

13 

3754.62 

14 
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1523  60 

_  \1 

As  in  the  case  of  analogous  configurations,  the  data  for  the  lower  excited  transitions,  which 
are  obtained  from  the  calculations  by  Bolotin  and  \  utsis  |lj  and  Kelly  j2],  arc  quite  uncertain  be¬ 
cause  of  the  strong  effects  of  configuration  interaction.  The  latter  are  either  «  rudely  taken  into 
account  (Bolotin  and  Yutsis)  or  entirely  neglected  'Kelly).  For  some  higher  excited  transitions 
self-consistent  field  calculations  by  Kelly  (3j  including  »  xchauge  affects  are  available  and  are 
averaged  w  !i  the  results  of  the  Coulomb  approximation.  For  other  prominent  transitions  tin 
Coulomb  approximation  is  applied  whenever  it  is  expected  to  give  reliable  results. 
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2 

2 

0.012 

0.001 1 

0.018 

-2.64 

1) 

Is 

[2462.9] 

336213 

376803 

6 

4 

7.4  X  10~4 

4.5  X  10  3 

0.0022 

-3.57 

1) 

Is 

[2469.1] 

336268 

376757 

4 

2 

0.0025 

1.1  x  10-4 

0.0037 

-3.34 

l) 

Is 

27 

:w-('S)4  / 

1885.25 

267242 

: 120285 

10 

14 

11.9 

0.89 

55 

0.95 

C 

3.  ra 

( 2  4  uv) 

28 

2s2pM- 

1908.11 

114558 

.186065 

10 

14 

11.0 

0.84 

53 

0.92 

c 

ra 

2s2p(  :'1”>4/ 

(27  uv) 

69 


N  III.  Allowed  Transitions  —  Continued 


No. 

Transit),  r 
Array 

Nfuhiplet 

xiA) 

£,tcin  ') 

£*(cin  ') 

- - 

& 

Akl\  10"  sec  'I 

U 

- 

.Sid\u.) 

1 

l'>t;  fd 

Accu¬ 

racy 

Source 

26 

JP°  — 4D 

1920. 6 

116246 

mini 

12 

20 

10.3 

72 

1.057 

c 

nt 

(29  uvt 

1920.86 

336213 

388273 

6 

8 

10.3 

0.76 

28.7 

0.66 

c 

Is 

1921.49 

336268 

388311 

4 

6 

7.2 

0.60 

15.1 

0.38 

c 

Is 

1920.86 

388359 

2 

4 

4.27 

0.472 

6.0 

-0.025 

c 

Is 

[1919.3] 

336213 

388311 

6 

6 

3.08 

0. 1 70 

6.  t 

0.009 

c 

Is 

[1919.7] 

336268 

388359 

4 

4 

5.5 

7.6 

0.082 

c 

Is 

[1920.0] 

388387 

2 

2 

8.5 

0.471 

6.0 

-  0.026 

( 

Is 

[1917.7] 

336213 

388359 

6 

4 

0.51 

00188 

071 

-0.95 

c 

Is 

[1918.7] 

336268 

.388:187 

4 

2 

1.71 

0.0471 

1.19 

-0.72 

c 

Is 

30 

2F°-2G 

20618 

119808 

.188246 

14 

18 

11.3 

0.93 

88 

1.1  i5 

c 

m 

(30  uv) 

2063.99 

3882% 

8 

10 

11.3 

0.90 

48.9 

0.86 

<; 

Is 

2063.50 

339744 

388190 

6 

8 

10.9 

0.93 

37.9 

0.75 

c 

Is 

2068.25 

339856 

388190 

8 

8 

0.402 

Q  a  -.I 

1,41 

-0.69 

c 

Is 

31 

4d-('S)5/ 

*D  — *F° 

■117770 

342752 

10 

1 1 

2  11 

0.709 

93.4 

0.851 

c  + 

vti 

(16) 

! 

4003.64 

317782 

342752 

6 

8 

2.10 

0.674 

5.3.3 

0.609 

c  + 

Is 

3998.69 

317751 

342752 

4 

6 

1.98 

0.710 

37.4 

0.454 

c  + 

Is 

317782 

342752 

6 

6 

0.140 

2.67 

-0.693 

1 (;+ 

Is 

Forbidden  Transitions 

Naqvi’s  calculation  |1|  of  the  one  possible  transition  in  tin*  jiroti.nl  state  configuration  2 p  is 
the  only  available  source.  The  line  strength  should  he  quite  accurate,  since  it  does  not  sensitively 
depend  on  the  choice  of  the  interaction  parameters. 

Reference 

|1|  Naijvi,  A.  M.,  Tliesi*  I  tars  aril  il931t. 


N  III.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiple! 

At  A) 

£,(cm  '( 

f.’t'lcm  ') 

A 

Type  of 
Transi¬ 
tion 

•Ik, (sec  ') 

.S’lat.u.) 

Accu¬ 

racy 

Source 

1 

ft. 

1 

]  57.29  x  1()'| 

0 

174  5 

2 

1 

rn 

4.77  X  10  5 

1.33 

B 

1 

70 


Crouud  Slate 


Is2  2 s'  'S« 


I<  >n  i/at  ion  Potential 


77.45,0  eV  —  624851  cm-' 


Allowed  Transitions 

l.i  t  of  tabulated  lines: 


\\  UM'lllIgtll  |  A| 


225.025 

225.098 

225.14 

225.156 

225.20 

247.205 

284.420 

285.47 

285.470 

284.570 


28,4.50 

522.504 

422.570 

822.721 

545.050 


587.355 

765.140 

021.082 

022.507 

925.045 


W  avelengtli  j  Aj 

No. 

W  avelengtli  |  V] 

No. 

10 

925.211 

3 

4685.4 

20 

10 

924  669 

3 

4723 

20 

10 

92 1.274 

3 

4733 

20 

10 

955,485 

5 

4740 

20 

10 

1718.52 

4 

4752 

20 

2 

4 443 

15 

4762 

20 

8 

5445 

15 

5073 

21 

8 

5454 

15 

5236 

13 

8 

5461.54 

15 

5245 

13 

8 

3465.56 

15 

5280.9 

13 

8 

3474.56 

15 

5281 

13 

6 

3478.69 

11 

5303.9 

13 

6 

3482.98 

11 

5349.8 

13 

6 

3184.90 

11 

5734 

19 

9 

3747.66 

16 

6383 

12 

7 

4057.80 

17 

7103.28 

18 

i 

4479 

14 

7109.48 

18 

3 

4495 

14 

7111.28 

18 

4 

4528 

14 

7123.10 

18 

4 

4678.6 

20 

7127.21 

18 

7129 

18 

Values  for  the  2s2  —  2.s2p  and  2s2p  —  2p'2  transition  arrays  are  taken  from  the  self-consistent 
field  calculations  of  Weiss  [I],  These  calculations  do  not  include  the  important  effects  of  con¬ 
figuration  interaction;  het\  e  largo  uncertainties  must  he  expected.  The  average  of  the  dipole 
length  and  velocity  ap;  riximatinns  is  adopted  (1).  Accuracies  within  50*74  are  indicated  by  the 
following  comparison:  \\  <  iss  11  j  lias  undertaken  refined  calculations,  including  configuration  inter¬ 
action,  for  the  same  transitions  in  Be  I  — the  first  member  of  this  isoclectronic  sequence  — in  addi¬ 
tion  to  calculations  of  ti  e  type  done  for  this  ion.  In  all  eases  the  agreement  with  the  average  of 
the  dipole  length  and  velocity  approximations  is  close. 

For  the  remaining  low-lying  transitions  Kelly's  approximate  Hartrec-Fock  calculations  |2]  are 
adopted,  while  for  the  moderately  excited  transitions  Kelly's  values  are  averaged  with  the  Coulomb 
approximation,  with  which  they  agree  quite  well. 


References 


|l|  W  riss,  \  Vi.,  |priv;,V  .  ..ininui'.'ralion  (1661). 

|2|  Kell),  I*.  S„  .).  Quant.  SiM-rtruse  Radial.  Transfer  4,  1 17-lttt  <l96il. 


N  IV.  Allowed  Transitions 


No. 

rransitimi 

•\rra> 

Multiple! 

,V(M 

Em-  m  ') 

£.*(<‘111  ‘t 

8- 

. 

.-!*./(  IO"*«-e  'l 

fik 

Nla(.u  ) 

l»f:  Kl 

A<  cu¬ 
racy 

Sours  <• 

i 

2.v-  - 

is  -  '|>° 

76.7.140 

0 

130695 

1 

.4 

24 

0.64 

1.6 

-0.19 

i) 

1 

2.sr‘Si2p 

ll  uvl 

2 

2  s-- 

'S  — '  l'° 

247.207 

0 

4(54521 

i 

3 

2(K) 

0.5.7 

0  47 

-  0.26 

i) 

2 

2.si-S)3p 

(2  uv) 

2  :li>- 

lp°  __  lip 

92.;./ 7 

|/.72;:| 

|  /  75.798] 

'/ 

9 

17 

0.21 

.7.8 

0.28 

i) 

i 

2[f 

(3  uv) 

92.5.211 

1 673441 

1 1776621 

.1 

.1 

13 

0  16 

2,4 

-0  !0 

i) 

/s 

92:5.047 

j 67200 j 

[ 1 75537 j 

3 

3 

4.2 

0.0.33 

0. 49 

-0  80 

i) 

/s 

924.274 

|673  54] 

j  1 7.7.337] 

.*> 

3 

6.9 

0.0.33 

0.81 

-0.78 

i) 

h 

92.5.669 

|67200| 

1177  464] 

3 

1 

17 

0.071 

0.6.3 

-0.67 

i) 

Is 

921.982 

1 67200 j 

1 1 7.56621 

3 

4.c 

(>.089 

0  81 

-  0.37 

i) 

/.s 

922.707 

1 67I36| 

1 1 777.371 

1 

3 

5.6 

0.21 

0.63 

-0.67 

i) 

Is 

4 

•P°-‘D 

1718.72 

130695 

188835 

3 

.> 

.5.1 

0.38 

6. 4 

0.0.7 

i) 

1 

i?  u\ ) 

.4 

i|»°  _  «s 

977..'5.'57 

1.30697 

235.470 

3 

1 

16 

0.074 

0.70 

-0.66 

i) 

1 

(8  «v) 

6 

2s'2p  — 

:,P°  —  ■1S 

.'<22  67 

1672731 

|377206] 

9 

3 

113 

0.0.59 

0.56 

-0.278 

<: 

2 

2.sl-S  )3s 

(4  uv) 

322.724 

] 67344| 

1377206] 

3 

62 

0.059 

0.311 

-0.53 

<: 

Is 

322.770 

|67200| 

1377206] 

3 

3 

37.6 

0.0.79 

0.187 

-0.75 

r 

Is 

322.703 

| 671361 

1377206] 

1 

3 

12.7 

0.0.78 

0.062 

-  1.23  4 

<: 

Is 

7 

'P°-!S 

387.373 

1 3069.3 

388858 

3 

1 

67 

0  0489 

0.187 

-0.83 

r 

■) 

(9  uv) 

H 

2.s2p  — 

'P°-  >D 

283. 7.< 

(672731 

|//097/| 

9 

15 

314 

0.63 

3.3 

0.7.5 

c 

2 

2.sCS)3</ 

(5  uv) 

283.779 

167344] 

1 4199791 

5 

t 

31! 

0.52 

2.43 

0,419 

<; 

Is 

283.470 

|67200] 

1419971] 

3 

23.3 

0.471 

1.32 

0.131 

c 

Is 

283.420 

1 67!36| 

|4I9968 | 

1 

3 

172 

0.62 

0.38 

-  0.207 

c 

Is 

1 283.791 

1673441 

| 4 19971 | 

r> 

s 

78 

0.094 

0.438 

-0,329 

c 

Is 

|283.47| 

|67200| 

1419968] 

3 

3 

130 

0. 1 76 

0.438 

-  0/329 

<: 

Is 

1283.79] 

|67344| 

|419968] 

."> 

3 

8.6 

0.0063 

0.0292 

-  1,50 

<: 

Is 

9 

•P°-  D 

337.070 

1.40697 

4291.78 

3 

189 

0.53 

1.75 

0.200 

c 

2 

(10  uv) 

10 

2s2p  — 

*P°  -  *1) 

223./ 7 

|67273| 

|5//382| 

9 

i:> 

92 

0.117 

0.78 

0.022 

<: 

2 

2.s|-S)4  ,t 

(6  uv) 

227.027 

|67344| 

1 71 13841 

.4 

~ 

92 

0.098 

0.364 

-  0.309 

c 

Is 

227  136 

|67200| 

1711376] 

3 

.7 

69 

0.088 

0.195 

-0,58 

c 

Is 

227.098 

[671361 

|5 113871 

1 

.5 

.32 

0.117 

0.087 

-  0.93 

<: 

Is 

|227.20| 

1673441 

|.5i;;r5| 

3 

") 

23.1 

0.017.5 

0.063 

-  1.0.77 

c 

Is 

!  227.131 

[67200| 

1 5 1  !.v>7| 

3 

3 

38.5 

0  0292 

0.063 

-  1.037 

c 

Is 

1 227.201 

|67344| 

|.71 1.4871 

r> 

2.56 

0.00117 

0.00433 

-2.23  4 

c 

Is 

11 

2.s3s  — 

:*S  —  :‘P° 

3/8//. 8 

1377206] 

I///5927] 

3 

9 

1.16 

0.634 

21.8 

0.279 

C  4- 

2,  ca 

2s(2S)3p 

(1) 

3478.69 

[3772061 

1405944] 

3 

5 

1.16 

0.352 

12.1 

0.024 

c  + 

Is 

3482.98 

1377206] 

14079091 

3 

3 

1.16 

0.211 

7.27 

-0.198 

C  -f- 

Is 

3484.90 

1377206] 

1 40,3893  ] 

3 

1 

1.16 

0.0703 

2.42 

-  0.676 

c  + 

Is 

12 

'S-'P° 

638.5 

388858 

404.721 

1 

3 

0.193 

0.35.3 

7.42 

-0,432 

C  4- 

2,  ca 

(2) 

1.5 

2p3.s  — 

-c 

o 

1 

c5 

3233./ 

1/6.5382] 

|/8////6] 

9 

15 

0.343 

0.237 

36.9 

0.329 

c 

ca 

2p(*P°>3p 

<5) 

7247 

|467463| 

1484525] 

5 

7 

0.345 

0.199 

17.2 

-  0.002 

c 

Is 

7236 

|463301| 

1484394] 

3 

7 

0.261 

0.178 

9.2 

-0.271 

c 

Is 

7281 

|465223| 

1484150] 

1 

3 

0.188 

0.236 

4.10 

-0.63 

c 

Is 

|7280.9| 

|465463| 

1484394] 

3 

s 

0.085 

0.0354 

3.08 

-0.75 

c 

Is 

17303.91 

]  465301] 

14841.50] 

3 

3 

0.139 

0.U.59 

3.08 

-  0.75 

c 

Is 

15349.8] 

1465463 

1484170] 

5 

3 

0.0090 

0.00233 

0.205 

-  1.93 

c 

Is 

72 


IN  IV.  Allowed  Transitions  —  Continued 


No. 

1  ran>ttion 

Multiplel 

At  \l 

A, (cm  h 

A\(<  in  ') 

A'. 

(6 

.4,1,1  KPsec  ■) 

hk 

.Statu  1 

lop  pj 

Acou- 

Source 

\rray 

racy 

It 

:)P°  _  :iS 

4511.4 

[4653821 

[4875421 

9 

3 

0.56 

0.056 

7.5 

-  0.295 

c 

ca 

(6) 

4528 

[465463 

[487542] 

5 

3 

0.305 

0.056 

4  19 

-  0.55 

c 

Is 

4195 

[465301 

(4875421 

3 

3 

0.189 

0.057 

2.54 

-0.77 

c 

Is 

4179 

[46522.3 

[4875421 

1 

3 

0.063 

0.057 

0.84 

-  1.245 

c 

Is 

15 

4456. 7 

[4653821 

[49/3031 

9 

9 

1  27 

0.227 

23.2 

0.310 

c 

ca 

(7) 

5464..% 

[ 465463 j 

[4943381 

5 

5 

0.94 

0.170 

9.7 

-  0.072 

c 

Is 

8454 

[4653011 

[494240) 

3 

3 

0.316 

0.0.57 

1.93 

-0.77 

c 

Is 

8474.56 

[4653011 

[494338] 

3 

5 

0.311 

0.094 

3.22 

—  0.55 

c 

Is 

8461.34 

[465223 

[494240) 

1 

3 

0.420 

0  226 

2.58 

-0.65 

c 

Is 

8418 

[4654631 

[494240] 

[4943201 

5 

3 

0.53 

0.057 

3.22 

-0.55 

c 

Is 

8445 

[4653011 

3 

1 

l.-'8 

0.076 

2.58 

-0.64 

c 

Is 

16 

'I) 

3747.66 

473032 

499708 

3 

5 

1.06 

0.371 

13.7 

0.047 

c 

ca 

(8) 

IT 

2  s3p  — 

■P"-  ff> 

4057.80 

388858 

429158 

3 

5 

0.758 

0.312 

12.5 

-  9.029 

c  + 

2,  ca 

2mjSi.'W 

(3) 

18 

»P°-*D 

7117.0 

[405927] 

(4/9974) 

9 

15 

0.132 

0.167 

35.3 

0.178 

c  + 

2,  ca 

(41 

7123.10 

[405944] 

[419979] 

5 

7 

0.132 

0.141 

16.5 

-0.153 

c  + 

Is 

7109.18 

[405909] 

[4199711 

3 

5 

0.0995 

0.126 

8.82 

-0.424 

c  + 

Is 

7103.28 

[4058931 

[419968] 

1 

3 

0.0739 

0.168 

3.92 

-0.776 

c  + 

Is 

7127.21 

(4059441 

[419971] 

5 

5 

0.0329 

0.0251 

2.94 

-0.902 

c  + 

Is 

7111.28 

[4059091 

[419968] 

3 

3 

0.0552 

0.0419 

2.94 

-0.901 

C.+ 

Is 

7129 

[4059441 

[419968] 

5 

3 

0.00365 

0.00167 

0.196 

-  2.078 

c  + 

Is 

19 

2p3p  - 

'P—  'D° 

5734 

480880 

498315 

3 

5 

0.178 

0.146 

8.3 

-0.359 

c 

ca 

2p(-P°):w 

(9) 

20 

4732.2 

[484406] 

[5055321 

15 

15 

0.116 

0.0389 

9.1 

-  0.234 

c 

ca 

(11) 

4752 

[484525] 

[505561] 

7 

7 

0.102 

0.0344 

3.77 

-0.62 

c 

Is 

4733 

[484.3941 

[505518] 

5 

5 

0.081 

0.0271 

2.11 

-0.87 

<: 

Is 

|4685.4| 

[4841501 

[505487] 

3 

3 

0.089 

0.0294 

1.36 

-  1.055 

c 

Is 

4762 

[4845251 

[505518] 

7 

5 

0.0177 

0.00431 

0.473 

-1.52 

c 

Is 

4740 

[484394] 

[5054871 

5 

3 

0.0289 

0  0058 

0.455 

-  1.54 

o 

Is 

4723 

[484394] 

[505561] 

5 

7 

0.0130 

0.0061 

0.473 

-1.52 

c 

Is 

[4678.6] 

[484150] 

[505518] 

3 

5 

0.0180 

0.0098 

0.455 

-  1.53 

c 

Is 

21 

5073 

199708 

519414 

5 

3 

0.0127 

0.00295 

0.246 

l 

-L 

-  1.83 

c 

ca 

Forbidden  Transitions 

Vkiy'.'s  calculations  jl]  arc  the  only  available  source.  The  results  lor  tie*  ;,P°  — :,P°  transi¬ 
tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  'P°—  '1)0 
transitie.  >-  Nat|vi  has  used  empirical  term  intervals,  i.e.,  the  effects  of  configuration  interaction 
should  he  partially  included. 


Reference 
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N  IV.  Forbidden  Transitions 


I  “H  17  T  1  T'  T 

1  MU'  III 


xtAi 

i 

Type  ol 

Transition 

Multiple! 

Ale  111  ‘1 

A'aIciii  *i  g, 

i 

A 

Transi- 

-C.lsee  *1 

Sim.  ii.) 

\ci  u- 

Son  n  e 

Array 

lion 

racy 

1 

2s'2p  — 

:<p°  _  3|*= 

2s  t*S)2p 

113.82  x  10*1 

(67136.41 

(67199. h|  1 

3 

111 

1.36  x  10  *• 

2.00 

B 

1 

! 

(69.33  x  10*1 

(67199.61 

(67343.81  3 

”) 

111 

;.t)3  x  10 

2.30 

B 

1 

2 ! 

.ipo_  I|>c 

11373.4) 

167136.41 

j 

130693  )  1 

3 

in 

0.0118 

3.1  x  10  « 

(  ’ 

1 

11374.9| 

16719*1.61 

1306**5  3 

3 

III 

f>.5 

0.00240 

C  1 

i 

i 

jl.378.3j 

(67343.81 

130693  i  5 

3 

111 

— 

0.0146 

6.4  X  it)  i; 
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Ground  Stale  Is*  2s  “Sra 
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Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [Aj 

|  No. 

’ 

1  3  — — -j 

Wavelength  [A] 

\n. 

1 - — - - ”1 

Wavelength  [A( 

No. 

162.362 

3 

266.373 

4 

3067 

13 

186.070 

6 

1238.81 

1 

3273 

1 1 

186.133 

6 

1242.80 

1 

6719 

16 

186.16 

6 

3161 

9 

7330 

17 

209.270 

2 

4333 

10 

13088 

8 

209.303 

2 

4603.83 

7 

13203 

!  8 

247.363 

5 

4619.9 

* 

13238 

8 

247.710 

5 

4731 

12 

1 

247.72 

5 

4933 

14 

266.192 

*  1 

ii  3932 

13 

' 

1  he  values  taken  from  Weiss*  calculations  f  1 J  are  estimated  to  be  accurate  to  within  10  percent 
because  of  the  very  close  agreement  between  his  dipole  length  and  dipole  velocity  approximations. 
1  he  values  calculated  with  the  length  approximation  are  adopted.  The  Coulomb  approximation 
should  be  quite  reliable  for  the  highly  excited  transitions  and  is  given  preference  over  Kelly's 
approximate  HartreeToek  calculations  [2],  with  which  it  sometimes  disagrees. 
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IN  V.  Allowed  Transitions 
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IN  vi 


Ground  State 


Is’  'So 


ionization  Potential 


925  c\  -  4452800 cm  1 


Allowed  Transitions 

The  result?  of  extensive  non-relativistic  variational  ealeulations  by  Weiss  |1]  are  used.  \  allies 
liave  beer,  ealeulated  in  both  tlie  dipole  length  and  dipole  velocity  approximations  and  agree  to 
within  19r,  except  for  the  .ip  'P°  — 3'J'D  transition  where  agreement  is  not  as  good.  Pin*  average 
of  the  two  approximations  is  adopted  (!]. 
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IN  VI.  Allowed  Transitions 
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Multiplet 
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£’,(c  m-') 

Aulem'l 

ft 

AkA  10Msee  ') 
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OXYGEN 

Oi 


Ground  State 


Is*  2s1  2 p*  3P-, 


Ionization  Potential 


13.614  eV=109&36.7 cm  1 


Allowed  Transitions 


List  of  tabulated  lines: 


YY  ave'ength  [A] 

No. 

Wavelength  |Aj 

No. 

Wavelength  |A] 

No. 

811.37 

9 

5435.16 

40 

7943.15 

14 

877.804 

5 

5435.76 

40 

7947.20 

14 

877.885 

5 

5436.83 

40 

7947.56 

14 

878.979 

5 

6046.4 

41 

7950.83 

14 

879.027 

5 

6106.5 

34 

7952.18 

i4 

879.108 

5 

6155.99 

32 

7981.97 

27 

879.553 

5 

6156.78 

32 

7982.3 

27 

936.01 1 

10 

6158.19 

32 

7982.41 

27 

988.581 

3 

6242.5 

15 

7987.00 

27 

988.658 

3 

6259.6 

36 

7987.34 

27 

988.777 

3 

6269.4 

35 

7995.12 

27 

990.132 

3 

6453.64 

37 

8073.7 

19 

99C.120 

3 

6454.48 

37 

8221.84 

13 

990.799 

3 

6456.01 

37 

8227.64 

13 

999.494 

6 

6653.78 

24 

8230.01 

13 

1025.77 

8 

7002.1 

33 

8232.99 

13 

1027.42 

8 

7156.80 

17 

8235.31 

13 

1028.16 

8 

7194.6 

21 

8446.5 

12 

1152.16 

4 

7254.4 

38 

8508.63 

22 

1217.64 

7 

7471.36 

20 

8820.45 

16 

1302.17 

2 

7473.23 

20 

9260.88 

28 

1304.87 

2 

7476.45 

20 

9262.73 

28 

1306.04 

2 

7477.21 

20 

9265.99 

28 

1355.61 

1 

7479.06 

20 

9391.2 

18 

1358.52 

1 

7480.66 

20 

11287 

29 

3947.29 

25 

7771.96 

11 

11295.0 

30 

4368.30 

26 

7774.18 

11 

11297.5 

50 

5328.98 

39 

7775.40 

11 

11302.2 

30 

5329.59 

39 

7886.31 

23 

13164 

31 

5330.66 

39 

7939.49 

14 

The  data  for  the  ultraviolet  lines  are  taken  from  the  theoretical  work  by  Garstang  [1]  and 
Kelly  (2|.  with  the  exception  of  one  multiplet  where  an  experimental  value  by  Prag  and  Clark  [3] 
is  available.  Even  though  the  agreement  between  theory  and  experiment  is  quite  good  in  this 
case,  namely  within  23%,  this  may  be  accidental,  since  the  extensive  comparisons  between  theory 
and  experiment  for  similar  transitions  of  C.  I  and  N  I  reveal  many  strong  discrepancies.  As  in 
the  case  of  the  other  two  atoms,  one  must  again  expect  that  the  theoretical  values  are  drastically 
affected  by  configuration  interaction  which  is  entirely  neglected  in  the  calculations.  Thus,  only 
the. most  prominent  transitions  are  listed,  with  an  accuracy  rating  of  “E”. 


Considerable  material  is  available  for  the  lines  in  the  visible  and  near  infrared  region  of  t lit* 
speetrum.  The  tabulated  values  are  taken  from  Kelly’s  earlier  self-consistent  field  calculations 
[4]  (which  include  exchange  effects  in  an  approximate  way),  Vainshtein's  semi-empirical  calcula¬ 
tions  [5],  ihe  Coulomb  approximation  by  Bates  and  Damgaard,  and  experimental  work  by  Jiirgens 
[6],  Fosttr  (7),  Doh"rtv  f‘l],  Buttrey  and  Gibson  [9],  Wiese  and  Shumaker  [10],  and  Solarski  and 
Wiese  [ilj.  In  all  experiments  the  emission  of  thermal  plasmas  generated  in  stabilized  arcs  or 
shock  tubes  has  been  studied.  The  agreement  between  the  various  theoretical  and  experimental 
methods  ;c  ofn  a  quite  remarkable.  This  is  particularly  true  for  the  multipiets  at  6157,  6455, 
6654,  7157,  ,-xtl,  7773,  7886,  8227,  and  8446  A  for  which  the  spread  between  the  highest  and  lowest 
result  is  only  25%  or  less.  Based  on  this  good  agreement,  an  accuracy  of  10%  for  the  averaged 
values  is  indicated.  In  arriving  at  best  values,  theoretical  and  experimental  methods  have  usually 
been  equally  weighted,  but  among  the  experimental  methods,  the  recent  more  advanced  work 
[8,  9,  10,  11]  i,-.  re"  . rdt  a  as  superseding  the  earlier  work  [6,  7].  For  the  multipiets  of  the  moderately 
excited  3,v  — 3 p  array,  the  advanced  experimental  methods  are  used  exclusively,  since  the  theoreti¬ 
cal  papers  do  not  tak«*  into  account  the  existence  of  weak  intercombination  lines  from  the  upper 
levels.  The  theoretical  methods  are  also  not  too  reliable  for  two  other  multipiets  at  3947  and  4368 
A,  since  cancellation  in  the  transition  integral  occurs.  In  these  cases,  the  experimental  results 
are  chosen.  In  the  case  of  the  strong  multiplet  3p3P  — 3s'  3D°  at  7989  A  recourse  is  taken  to  a 
calculation  by  Petrie  [12]  because  the  use  of  approximate,  hydrogen-like  wave  functions  in  this 
paper  has  given  reasonable  results  for  3s  — 3p  transitions,  hut  appears  to  fail  otherwise. 
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0.0077 

0.078 

—  1 .65 

D-i 

is 

1028. 16 

226.5 

97488 

1 

.3 

0.20 

0.010 

0.035 

-  1.98 

D-i 

Is 

1025.77 

0.0 

97488 

s 

5 

0.097 

0.0015 

0.026 

-2.12 

D- 

Is 

1027.42 

158.5 

97488 

3 

.3 

0  16 

0.0026 

0.026 

-2.12 

D- 

Is 

1025.77 

0.0 

97488 

s 

.3 

0.01 1 

1.0X  lO  4 

0.0017 

-3.29 

D- 

Is 

9 

2p<- 

:ip  _  :ipo 

xi  i.  y; 

78.0 

124426 

9 

9 

0.78 

0.0077 

0.18 

-1.16 

D- 

'} 

2p;,(-Dc)3(/' 

10 

'D  —  'F° 

936.011 

15868 

124326 

r) 

7 

0.83 

0.015 

0.23 

-  1.12 

D- 

2 

(8  uv) 

11 

2p:l3.s  - 

\S°-*P 

—  —  4 

/  /  /  il.*# 

73768 

866 29 

5 

15 

0.340 

0.922 

118 

0.664 

B 

4. 5. 8. 

2p;l(4S°)3p 

(11 

I 

B 

ll.ro 

7771.96 

73768 

86631 

5 

*7 

0.340 

0.431 

55.1 

0.35.3 

Is 

7774.18 

73768 

86627 

5 

s 

0.340 

0.307 

39.3 

0.186 

B 

Is 

7775.40 

73768 

86625 

5 

3 

0.340 

0.184 

2.3.6 

-0.035 

B 

Is 

12 

8446.5 

76795 

88641 

3 

9 

0.280 

0.898 

74.9 

0.430 

B 

4.8.  11. 

(4) 

ca 

13 

2pl3</  — 

3D0-3D 

8226.8 

101144 

114295 

15 

15 

0.32.3 

0.327 

153 

0.691 

B 

4. 6. ca 

2p3t2D°)3p’ 

(34) 

8221.84 

101135 

113294 

■7 

7 

0.292 

0.2% 

56.1 

0.316 

B 

/  « 

8230.01 

101147 

113295 

5 

5 

o.2i ; 

0.214 

29  0 

0.029 

B 

Is 

3232.99 

101155 

113298 

3 

3 

0.261 

0.266 

21.6 

-0.099 

B 

Is 

8221.84 

101135 

113295 

7 

s 

0.0663 

0.0480 

9.09 

-  0.474 

B 

Is 

8227.64 

101147 

113298 

i  5 

3 

0.0834 

0.0508 

6.88 

-  0.595 

B 

Is 

8230.01 

101147 

113294 

5 

7 

0.0261 

0.0.371 

5.03 

-0.732 

B 

is 

8235.31 

101155 

113295 

3 

5 

0.0-432 

0.0732 

.5.95 

-  0.659 

B 

is 

14 

»n°-»F 

7949.4 

101144 

114719 

15 

21 

0.37.3 

0.495 

194 

0.87 

C 

4, 6. ca 

(35) 

7947.36 

101135 

:  13714 

7 

9 

0.37.3 

0.454 

8.3 

0.50 

c 

Is 

7950.83 

101147 

i 13721 

5 

7  i 

0.331 

0.4.39 

58 

0.342 

c 

is 

7952.18 

101155 

1 13727 

i  3 

5 

0.313 

0.495 

.38.8 

0.171 

c 

Is 

7943.15 

101135 

113721 

7 

7 

0.04!  7 

0.0394 

7.2 

-  0.56 

c 

is 

7947.20 

101147 

) 13727 

5 

5 

0.058 

0.055 

7.2 

-0.56 

c 

is 

7939.49 

101135 

113727 

7 

.)  , 

0.00165 

0.00111 

0.203 

-2.109 

c 

Is 

15 

1 0242.5)1 

101144 

[117158]? 

15 

9 

0.73 

0.257 

79 

0.59 

c 

4 

16 

'D°—  'F 

8820.45 

102662 

1 13996 

5 

7 

0.261 

0.426 

62 

0.328 

c 

4,  ca 

(37) 

17 

■ir-'D 

7156.80 

102662 

116631 

5 

5 

0.47.3 

0.36.3 

42.8 

0.259 

B 

4.  1 1.  rn 

(38) 

18 

'ir-'P 

[9391.2]? 

102652 

[113307]? 

5 

3 

0.215 

0.171 

26.4 

-0.069 

C 

4 

79 
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No. 

Transition 

Array 

Multiple! 

x(A) 

£,(em" ') 

f.TU  m  ') 

g* 

///t.ao'w1) 

1* 

.Slat.u.) 

1"P  tU 

Accu¬ 

racy 

.Source 

19 

[8073.7J? 

118916 

[126298]? 

9 

3 

0.3.39 

0.110 

26.4 

-0.003 

c 

4 

20 

2p33s"  — 

3P°  —  3D 

7477.3 

118916 

127286 

9 

15 

0.4G8 

0.570 

126 

0.710 

B 

4, 6,  ra 

2p3(:P°)3p" 

(55) 

7476.45 

113910 

127282 

5 

7 

0  408 

0.479 

58.9 

0.379 

B 

/< 

7479.06 

113921 

127288 

3 

5 

0.306 

0.428 

31.6 

0. 108 

B 

Is 

7480.66 

1 13927 

127291 

1 

3 

0.226 

0.570 

14.0 

-  0.244 

B 

Is 

7473.23 

113910 

127288 

5 

5 

0.102 

0.0856 

10.5 

-0.369 

B 

Is 

7477.21 

113921 

127291 

3 

3 

0.170 

0.143 

10  5 

-  0.369 

B 

Is 

7471.36 

113910 

127291 

5 

3 

0.0114 

0.00571 

0.702 

-  1.545 

B 

Is 

21 

3pc__3p 

[7/94.61? 

11.19’  6 

[1278111? 

9 

9 

0.478 

0.371 

79 

0.52 

C 

4 

Z'2 

'P-‘P 

8508.63 

! 15918 

127668 

3 

9 

0.289 

0.314 

26.4 

-  0.026 

C 

4 

23 

'P°-'D 

7886  31 

115918 

128595 

.3 

5 

0.370 

0.575 

44.8 

0.236 

B 

4,  6,  ra 

(64) 

24 

>P°-  *S 

6653.78 

115918 

130943 

.3 

i 

0.600 

0.133 

8.72 

-0.400 

B 

4.11,  ra 

(65) 

25 

2  p3.is  — 

5$°  _  5p 

3947.29 

73768 

99095 

5 

IS 

0.00326 

0.00229 

0.149 

-  1.94 

C 

4,7 

2  p¥S°V4p 

(3) 

26 

3^°  _3p 

4368..  XI 

76795 

99680 

3 

9 

0,0066 

0.0056 

0.242 

-1.77 

C 

9.  11 

(5) 

27 

2p3(4S°)3p  — 

3p  _  3{)° 

7989.9 

88681 

101148 

4 

15 

0.29 

0.46 

110 

0.61 

D 

12 

2p3ftD°)3s' 

(19) 

7995.12 

88631 

101135 

5 

7 

0.29 

0.38 

50 

0.28 

D 

Is 

7987.00 

88630 

101147 

3 

s 

0.21 

0.34 

27 

0.01 

D 

Is 

7982.41 

88631 

101 155 

1 

3 

0.16 

0.46 

12 

-  0.34 

D 

Is 

7987.34 

88631 

101147 

5 

5 

0  072 

0.068 

9.0 

-0.47 

D 

Is 

7981.97 

88631 

101155 

3 

3 

0.12 

0.11 

9.0 

-0.47 

D 

Is 

[7982.3] 

88631 

101155 

5 

3 

0.0080 

0.0046 

0.60 

-  1.64 

D 

Is 

28 

2p33p  — 

5P  — 5D° 

9263.9 

86629 

9 7420 

15 

25 

0.419 

0.90 

412 

1.130 

C 

4,  ra 

2p3(4S°)3rf 

(8) 

9265.99 

86631 

97420 

7 

9 

0.419 

0.69 

148 

0.69 

C 

Is 

9262.73 

86627 

97420 

5 

7 

0.280 

0.50 

77 

0.401 

c 

Is 

9260.88 

86625 

97420 

3 

s 

0.347 

0.315 

28.8 

-  0.025 

C 

Is 

9265.99 

86631 

97420 

7 

7 

0.140 

0.180 

38.4 

0.100 

C 

Is 

9262.73 

86627 

97420 

5 

5 

0.245 

0.315 

48.0 

0.197 

C 

Is 

9260,88 

86625 

97421 

3 

3 

0.315 

0.405 

37.0 

0.085 

c 

Is 

9265.99 

86631 

97420 

7 

5 

0.0279 

0.0257 

5.5 

-0.75 

c 

Is 

9262.73 

86627 

97421 

5 

3 

0.105 

0.081 

12.4 

■  0.393 

c 

Is 

9260.88 

86625 

97421 

3 

1 

0.420 

0.0180 

16.5 

-0.268 

c 

Is 

29 

3p  _  3Q° 

11287 

88681 

97488 

9 

15 

0.235 

0.75 

25C 

0.83 

c 

4 

30 

2p33p  - 

•>P->S° 

1129  9 

86629 

95476 

15 

s 

0.272 

0.173 

97 

0.415 

c 

4,  ra 

2p3(4S°)4s 

(7) 

11302.2 

86631 

95476 

7 

s 

0.127 

0.173 

45.1 

0.081 

c 

Is 

11297.5 

86627 

95476 

5 

s 

0.091 

0.173 

32.2 

-0.062 

c 

Is 

1 1295.0 

86625 

95476 

3 

s 

0.054 

0.173 

19.3 

-  0.284 

c 

Is 

31 

3P-'S° 

18164 

88681 

96226 

9 

3 

0.188 

0.163 

63 

0.165 

c 

4.  ra 
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\o. 

Transition 

Arra> 

Multiplet 

X(Ai 

fi(cnr') 

£*<cm  ') 

<?. 

ft 

T*,(  lO^sec  ') 

/.* 

.S’lat.u.) 

lif 

Accu¬ 

racy 

Source 

■>2 

2p:i3p  - 

■P—T)° 

6/57.3 

86629 

102865 

15 

25 

0.0701 

0.0664 

20.2 

-0.001 

B 

k 1 1 . ra 

2pV.s°iW 

(10) 

6158.19 

86631 

102865 

1 

9 

0  0701 

0.0512 

7.27 

-0.145 

B 

Is 

6156.78 

86627 

102865 

5 

7 

0.0468 

0.0372 

3.77 

-0.731 

B 

Is 

6155.99 

86625 

102865 

3 

5 

0.0245 

0.0232 

1.41 

-  1.158 

B 

Is 

6158.19 

86631 

102865 

7 

7 

0.0234 

0.0133 

1.89 

-  1.031 

B 

Is 

6156.78 

86627 

102865 

5 

5 

0.0410 

0.0233 

2.36 

-0.9.34 

B 

Is 

6155.99 

86625 

102865 

3 

3 

0.0527 

0.0299 

1.82 

-1.047 

B 

Is 

6153.19 

86631 

102865 

i 

5 

0.00467 

0.00190 

0.269 

-1.877 

B 

Is 

61.56.78 

86627 

102865 

5 

3 

0.0175 

0.00598 

0.606 

-1.524 

B 

Is 

6155.99 

86625 

102865 

3 

1 

0.0702 

0.0133 

0.808 

- 1  .399 

B 

Is 

33 

7002.1 

886.// 

102908 

9 

15 

0.0325 

0.0398 

8.3 

-  0. 146 

C 

4, 6.  ca 

(21) 

34 

2p‘3p'  — 

'D-T 

(6/06.5] 

It  5295 

1129667] 

15 

21 

0.0460 

0.0.360 

10.9 

—  0.268 

C 

4,  6.  ca 

2p3t*D°>4«.‘' 

(43) 

35 

3F  _  3P 

(6269.4] 

115719 

(129*67] 

21 

21 

0.0198 

0.0)17 

5.1 

-0.61 

C 

4,  6.  ca 

(48) 

36 

:*F  —  *G° 

6259.6 

115719 

12O090 

21 

27 

0.063 

0.0475 

20.6 

-0.001 

C 

4,  6. ca 

(50) 

37 

2p33p  — 

SP-'S° 

6455.0 

86629 

102116 

15 

5 

0.0710 

0.0148 

4.71 

-0.654 

B 

1,11.  ca 

2p3(4S°)5s 

(9) 

6456.01 

86631 

102116 

7 

5 

0.0331 

0.0148 

2.20 

-0.985 

B 

Is 

6454.48 

86627 

102116 

5 

5 

0.0237 

0.0148 

1.57 

-1.131 

B 

Is 

6453.64 

86625 

102116 

3 

5 

0.0142 

0.0148 

0.942 

-1.353 

B 

Is 

38 

3p  _  3^0 

7254.4 

8863/ 

102412 

9 

3 

0.062 

0.0162 

.3.48 

-0.81 

C 

4. 6,  ca 

(20) 

39 

2p  *3p  - 

3P-H)° 

5330.0 

86629 

105385 

15 

25 

0.0197 

C.0140 

3.68 

-0.68 

c 

4, 6.  7, 

2pVST,rf 

(12) 

ra 

5330.66 

86631 

105385 

7 

9 

0.01% 

0.0107 

1.32 

-  1.124 

c 

Is 

5329.59 

86627 

105385 

5 

7 

0.0131 

0.0078 

0.69 

-  1.407 

c 

Is 

5328.98 

86625 

105385 

3 

5 

0.0069 

0.00490 

0.258 

-1.83 

c 

Is 

5330.66 

86631 

105385 

7 

7 

0.0066 

0.00279 

0.343 

-1.71 

c 

Is 

5329.59 

86627 

105385 

5 

5 

0.0115 

0.00489 

0.429 

-  1.61 

c 

Is 

5328.98 

86625 

105385 

3 

3 

0.0148 

0.0063 

0.331 

-1.72 

c 

Is 

5330.66 

86631 

105385 

7 

5 

0.00131 

4.00  X  10-4 

0.0491 

-2.55 

c 

Is 

5329.59 

86627 

105385 

5 

3 

0.00491 

0.00125 

0.110 

-  2.203 

c 

Is 

5328.98 

86625 

105385 

3 

1 

0.0197 

0.00279 

0.147 

-2.077 

c 

Is 

40 

2p,13p  — 

SP-5S° 

5436./ 

86629 

105019 

15 

5 

0.0305 

0.00450 

1.21 

-1.170 

c 

4. 5, 6, 

2p,1(4S°)6s 

(11) 

7,  ca 

5436.83 

86631 

105019 

7 

5 

0.0142 

0.00451 

0.57 

-  1.50 

c 

Is 

5435.76 

86627 

105019 

5 

5 

0.0102 

0.00450 

0.403 

-1.65 

c 

Is 

5435.16 

86625 

105019 

3 

5 

0.0061 

0.00451 

0.242 

-  1.87 

c 

Is 

41 

3p  _  3^0 

6046.4 

8863/ 

105165 

9 

3 

0.0234 

0.00427 

0.77 

-1.415 

c 

4, 6,  ca 

(22) 

i 

i 
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Forbidden  Transitions 


The  list  of  forbidden  lines  for  O  I  is  a  very  interesting  one  since  it  contains  some  of  the  very 
few  oases  of  experimental  determinations  of  forbidden  line  strengths.  This  fortunate  circumstance 
is  due  to  the  appearance  of  strong  forbidden  lines  in  the  aurora,  so  that  the  latter  could  be  used  as 
a  “light  source.”  Extensive  measurements  by  Omholt  (1)  have  given,  for  the  5577  A  line,  a  tran¬ 
sition  probability  of  1.43  vec'*  ±  14%,  whereas  Garstang|2]  with  a  refined  calculation  has  obtained 
1.25  sec'1.  For  another  case,  namely  the  lifetime  for  the  *D  state,  the  averaged  experimental 
result  (3,  4j  is  approximately  160  sec,  whereas  the  theory  |5.  7]  gives  135  sec.  In  both  instances 
the  mean  value  is  adopt  .^d.  Attempts  have  also  been  made  in  the  laboratory  to  obtain  experimental 
results,  but  they  are  all  subject  to  some  doubt  and  are  therefore  omitted  in  this  compilation. 

Aside  from  applications  in  atmospheric  physics,  the  importance  of  the  above  lines  lies  in  the 
circumstance  that  the  expei : mental  determinations  give  a  reliable  indication  of  t lit-  uncertainties 
in  the  theory  of  forbidden  line  strengths  which  in  itself  does  net  allow  error  estimates. 

A  number  of  other  transitions  in  the  p *  configuration  have  been  investigated  by  several  authors. 
All  electric  quadrupole  line  strengths  are  taken  from  (iarstang  |6),  since  his  estimate  of  the  qnad- 
rupole  integral  s,7  is  the  most  advanced  one  available.  Naqvi  |5J.  and  Yamanouchi  and  Horie  [ 7 J, 
in  their  calculations  of  magnetic  dipole  line  strengths,  retain  the  spin-spin  and  spin-other-orbit 
parameter  in  the  transformation  r- ‘efficients,  while  Gar  slang  neglects  it.  Thus,  their  values  are 
used  for  the  :*P  —  1 1)  and  :,P—  'S  transitions,  where  this  gives  an  improvement  of  about  15%.  For 
the  latter  line,  however,  only  Yamanouchi  arid  Hnri<“’s  [7]  data  are  employed,  since  Naqvi's  treat¬ 
ment  uf  configuration  inter  actum  effects,  which  art  important  fur  this  Ure,  Appears  to  Lo  inadequate 
(see  also  general  introduction). 
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Xu. 

Transition 

Multiplet 

At  A) 

/•.',1cm  ') 

En tern  ') 

1 

Pk 

Type  of 

-h.lsrc  ') 

Slat.u.) 

Accu- 

Source 

Array 

Transition 

rary 

1 

Ip*  —  2/P 

*F— *P 

[63.07  x  1()'| 

0.0 

158.5 

.4 

3 

r 

1.30  x  10  " 

2.32 

c 

6 

|63.07  x  10*] 

0.0 

158.5 

.4 

3 

m 

8.95  x  10  5 

2.50 

B 

5.  6.  7 

[44.1 1  x  1()'| 

00 

226.5 

r> 

1 

<• 

1.00  x  10 

1 .03 

C 

6 

]  1 4.70  x  I0'| 

158.5 

226.5 

3 

1 

m 

1.70  x  10  3 

2.00 

B 

.4,  6,  7 

2 

•P-'D 
(1  F) 

6300.23 

0.0 

15867.7 

.4 

.4 

V 

2.4  x  10  '' 

7.1  x  10  1 

1) 

6 

6300.23 

0.0 

15867.7 

.4 

rn 

5.1  x  10-* 

2.37  x  10  4 

(. 

3.  X.  5.  7 

6363.88 

158.5 

15867.7 

3 

V 

3.2  x  10  * 

9.9  X  10  r> 

1) 

6 

6363.88 

158.5 

15867.7 

3 

.4 

m 

1.61  x  10  * 

7.9  X  10  • 

C 

3.  4.  5,  7 
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1 

-4 

e 

1.1  x  10" 
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1) 

<t 

3 
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.4 

i 

r 
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1) 

6 
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cc 
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3 

l 

m 
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6.5  x  10  3 

c 

7 

4 
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.1 

l 

V 
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Oh 


Ground  State 
Ionization  Potential 


Allowed  Transitions 


Is2  2js2  2 p3  <S°3  2 
35. 108  eV  =  283244  cm"' 


Wavelength  |A] 

No. 

424.66 

22 

429.918 

10 

430.041 

10 

430.177 

10 

440.58 

18 

442.03 

17 

+15.62 

16 

464.78 

21 

468.77 

20 

470.41 

19 

481.66 

13 

483.752 

12 

483.7% 

12 

484.03 

12 

485.086 

11 

485.47 

11 

485.515 

11 

515.498 

15 

515.640 

15 

517.937 

14 

518.242 

14 

539.086 

5 

539.547 

5 

539.853 

5 

555.056 

8 

555.521 

8 

600.585 

9 

616.291 

6 

616.363 

6 

617.051 

6 

644.148 

4 

672.948 

7 

673.768 

7 

718.484 

2 

718.562 

2 

796.661 

3 

832.754 

1 

833.326 

1 

834.462 

1 

2733.34 

65 

2747.46 

65 

3000.1 

84 

3002.2 

84 

3006.0 

84 

3007.08 

85 

List  «if  tabulated  lines: 


i  avelengih  (A) 

No. 

.3007.4 

84 

3007.74 

85 

3008.28 

85 

3008.8 

84 

3009.7 

85 

3009.81 

85 

3010.0 

85 

3010.5 

85 

3012.8 

85 

3013.0 

85 

3013.37 

84 

3014.0 

84 

3019.8 

84 

3032.08 

86 

3032.50 

86 

30475 

86 

3113.71 

66 

3122.62 

66 

3124.02 

66 

3129.44 

66 

W  avelength  |A] 

No. 

3488.18 

36 

34%. 27 

36 

3712.75 

25 

3727.33 

25 

3729.34 

73 

3735.9 

73 

3735.94 

73 

3739.92 

69 

3749.49 

25 

3762.63 

69 

3777.60 

69 

3794.48 

70 

3803.14 

70 

3821.68 

70 

3830.45 

70 

3833.10 

43 

3842.82 

42 

3843.58 

43 

3847.89 

42 

3850.81  1 

42 

3134.32 
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3270.9 

3270  98 

3273.52 

3277.69 

3282.0 

3287.59 


66 

66 

66 

66 

71 

71 

71 

67 

39 

i  67 
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3851.47 
3856.16 
3857.18 
3863.50 

3864.13 

3864.45 
3864.68 

3872.45 
3874.10 


42 

43 

42 
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42 

41 

42 
42 
41 
41 


3290.13 

3295.13 
3301.56 
3305.15 
3306.60 


67 

67 

67 

67 

67 
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3882.20 

3382.45 

3883.15 

3893.53 


43 

42 

41 

42 
41 


3377.20 
3390.25 
3407.38 
3409.84 
3447  98 


38 

38 

72 

72 

68 


3896.30 

3907.45 

3911.96 

3912.09 

3919.29 


41 

41 

33 

33 

33 


3460.6 
3470.42 
3470.81 
3474.94 

3479.7 


26 

63 

68 

37 

26 


3926.58 

3945.05 

3954.37 

3967.44 

3973.26 


41 

30 

30 

47 

30 
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List  of  tabulated  lines  -  Continued 


Wavelength  |A| 

1 

No.  j 
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No. 
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24 
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51 
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» 
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51 

28 
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64 
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.55 

55 

55 
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75 

1 

4148.21 

57 

6)040.90 

41 45.6 

64 

4452.38 

28 

6666.94 

75 

4145.90 

64 

4165. 40 

35 

6)6,8. 19 

6718.1 

75 

41 46.09 

64 

4466.6 

80 

75 

4153.30 

4156.54 

44 

44 

4467.88 

5  469.32 

35 

35 

6721,35 

6810.6 

27 

74 

4169.23 

*4 
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74 
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80 
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4185. 46 

58 
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50 
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74 
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58 

".o 

456.3.2 

50 
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74 
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8.; 

4590.97 
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74 
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31 
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74 
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<  7 

6908. 1  1 

74 

i 
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74 

Must  data  mi  tht*  vacuum  ultraviolet  lines  aie  taken  trom  the  self-consistent  field  calculations 
1>>  Kelly  |1]  in  which  exchange  effects  have  been  considered.  The  data  lor  the  strong  2s*>2p:l 

—  2a2 p4  and  2p:l  —  2p-5s  transitions  are  probably  quite  uncertain  since  these  are  sensitively  affected 
by  configuration  interaction  which  has  not  been  taken  into  account.  Two  transitions  of  the  2s'-2p 3 

—  2s2p4  array  could  be  taken,  however,  from  the  calculations  of  Levinson  et  al.  |2)  in  which  the 
effects  of  configuration  interaction  have  been  approximately  included. 

For  the  multiplets  in  the  visible  four  data  sources  have  been  selected:  simplified  self-consistent 
field  calculations  by  Kelly  |3]  (with  exchange  effects  approximately  taken  into  account),  the  Cou¬ 
lomb  approximation  by  Bites  and  Damgaard.  emission  measuiements  by  Mastrup  and  Wiese  (41. 
and  intermediate  coupling  calculations  by  Garstang  |5).  The  absolute  multiple!  values  have  been 
obtained  by  averaging  the  results  of  the  first  three  methods  mentioned.  The  agreement  is  quite 
remarkable,  often  within  MY7r .  For  the  breakdown  of  the  multiplets  into  lines  the  intermediate 
coupling  calculations  by  Garstang  |5]  and,  whenever  available,  the  experimental  results  by  Mastrup 
and  \\  iese  |4j  are  employed,  both  normalized  to  the  absolute  total  multiplet  values.  The  two  sets 
of  data  agree  very  well,  while  LS-coupling  values  show  large  deviations  for  some  multiplets  of  the 
3 p  — 3d  array. 

The  absolute  values  of  the  intercombination  lines  are  obtained  by  normalizing  Carstang's 
coupling  calculations  (5]  to  the  Coulomb  approximation,  as  he  has  proposed  in  his  paper. 
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O  II.  Allowed  T  ransitions  —  Continued 
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Oil.  Allowed  Transitions  —  Continued 
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185499 

207003 

6 

8 

1.04 

0.448 

41.1 

0.429 

c 

4a,  5  a 

Is 

4641.81 

185341 

206878 

4 

6 

0.79 

0.381 

23.3 

0. 18> 

c 

4n,  5  a 

Is 

4638.85 

185235 

206786 

2 

4 

0.422 

0.272 

8.3 

-0.264 

c 

4n,  5n 

Is 

4676.23 

185499 

206878 

6 

6 

0.257 

0.084 

7.8 

-0.2% 

c 

4n,  7n 

Is 

4661.64 

185341 

206786 

4 

4 

0.52 

0.169 

10.4 

-0.169 

c 

4 a,  5a 

4650.84 

185235 

206731 

2 

2 

0.82 

0.265 

8.1 

-0.277 

r 

4n,  5n 

1 

16%.  36 

185499 

206786 

6 

4 

0.0372 

0.0082 

0.76 

-  1.308 

c 

4|,t,  5a 

4673.75 

185341 

206731 

4 

2 

0.1.3! 

0.0214 

1.32 

-  1.067 

c 

4a,  5a 

Is 

Is 

24 

4|)  _  «po 

lill.i 

/ 85492 

2084 .33 

12 

12 

1.05 

0.297 

51 

0.55 

c 

3,  4,  ca 

Is 

Is 

(2) 

4349.43 

185499 

208484 

6 

6 

0.74 

0.211 

18.1 

0.102 

c 

4a,  5a 

4336.87 

185341 

203392 

4 

4 

0.164 

0.0-462 

2.64 

-0.73 

c 

4a,  5a 

1 

4325.77 

185235 

208346 

2 

2 

0.155 

0.0435 

1.24 

-1.060 

c 

4a,  5a 

4366.90 

185499 

208392 

6 

4 

0.50 

0.0% 

8.3 

-0.239 

c 

4a,  5a 

4345.56 

185341 

208346 

4 

2 

0.89 

0.125 

7.2 

-0.300 

c 

4a,  5a 

1 

4319.63 

185341 

208484 

4 

6 

0.284 

0.119 

6.8 

-0.321 

c 

4a,  5a 

4317.14 

185235 

208392 

2 

4 

0.424 

0.237 

6.7 

-0.325 

c 

4a,  5a 

Is 

Is 

25 

4P-4S° 

.17.35.9 

185402 

212162 

12 

4 

1.77 

0.123 

18.2 

0.170 

c 

3,  4, ca 

Is 

(3) 

3749.49 

185499 

212162 

6 

4 

0.90 

0.127 

9.4 

-0.119 

c 

4a,  5a 

1 

3727.33 

185341 

212162 

4 

4 

0.59 

0.122 

o.O 

-0.312 

C 

4a,  5a 

3712.75 

185235 

212162 

2 

4 

0.280 

0.116 

2.83 

-0.64 

c 

4a,  5a 

Is 

26 

I P  —  •  P° 

Is 

|3479.7| 

185499 

214229 

6 

4 

0.00101 

1.22  x  10-4 

0.0084 

—  3.135 

c 

5 

Is 

[3460.61 

185341 

214229 

4 

4 

0.00154 

2.76  x  10-4 

0.0126 

-2.96 

c 

5 

1 

27 

-P--S0 

6694.4 

189008 

203942 

6 

2 

0.287 

0.064 

8.5 

-0.414 

c 

3,  ca 

Is 

(4| 

6721.35 

189068 

203942 

4 

2 

0.189 

0.064 

5.7 

-  0.59 

c 

Is 

Is 

6640.90 

188888 

203942 

2 

2 

0.098 

0.065 

2.83 

-0.89 

c 

Is 

Is 

2  8 

-P  ~2i>° 

4418.1 

389998 

2/36.36 

6 

10 

1.13 

0.55 

48.1 

0.52 

c 

3,  4,  ca 

1 

(5) 

4414.91 

189068 

211713 

4 

6 

1.15 

0.50 

29.3 

0.305 

c 

4a,  5a 

4416.98 

188888 

211522 

2 

4 

0.95 

0.55 

16.1 

0.04-4 

c 

4a,  5a 

1 

4452.38 

189U68 

211522 

4 

4 

0.154 

0.0457 

2.68 

-0.74 

c 

4a,  5a 

Is 

29 

2P_4S° 

Is 

[4329.0] 

189068 

212162 

4 

4 

0.00157 

4.42  X  10  4 

0.0252 

-2.75 

c 

5 

Is 

[4295.5] 

188888 

212162 

2 

4 

0.268  X  10'9 

1.48  X  10  4 

0.00420 

-3.53 

c 

r> 

IS 

30 

2p  _  2p° 

.3966.9 

389998 

214210 

6 

6 

1.46 

0.343 

26.9 

0.314 

c 

3,  4,  ca 

1 

(6) 

3973.26 

189068 

214229 

4 

4 

1.27 

0.300 

15.7 

0.080 

c 

4a ,  5a 

Is 

3954.37 

188888 

214170 

2 

2 

0.95 

0.222 

5.8 

-0.353 

c 

4a,  5a 

Is 

3982.72 

189068 

214170 

4 

2 

0.447 

0.053 

2.79 

-0.67 

c 

4a,  5a 

(s 

3945.05 

188888 

214229 

2 

4 

0.217 

0.101 

2.63 

-0.69 

c 

4/i,  5 n 

1 

31 

2p23s'  - 

2[)  _  2po 

459.3.2 

206972 

2287.37 

10 

14 

1.11 

0.490 

74 

0.69 

c 

3,  4,  ca 

2p2(‘D)3p' 

(15) 

I 

4590.97 

206971 

228747 

6 

8 

1.11 

0.466 

42.3 

0.447 

c 

5  n 

1 

4596.17 

206972 

228723 

4 

6 

1.03 

0.487 

29.5 

0.290 

c 

5a 

[4596.0] 

206971 

228723 

6 

6 

0.079 

0.0251 

2.28 

-0.82 

c 

5/i 

1 

32 

2D  -  2D° 

4.3  49.7 

206972 

229955 

10 

10 

1.04 

0.2% 

42.4 

0.471 

c 

3,  4.  ca 

1 

(16) 

4351.27 

206971 

229947 

6 

6 

0.97 

0.275 

23.6 

0.217 

c 

5  n 

1 

4347  43 

206972 

229%8 

4 

4 

0.94 

0.267 

15.3 

0  029 

c 

5a 

[4349.1] 

206971 

229968 

6 

4 

0.102 

0.0192 

1.65 

-0.94 

c 

5a 

1 

[4351.5] 

206972 

229947 

4 

6 

0.075 

0.0318 

1.82 

-0.% 

c 

5a 

i 
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N«> 

Transition 

Multiplft 

> 

>• 

J 

E,lcni  ') 

fulfil)  > 

I  ~ 

r 

.4ti<  10"  *>«•<•  'I 

u 

.Slat.  u.  I 

\rcu- 

Sliiili  •«* 

Arra* 

1 

racv 

33 

2Q_  2p« 

*914.4 

206972 

222811 

10 

6 

1.40 

0.19.3 

219 

0.286 

<: 

3,  1,  ca 

(17) 

391 1.9/' 

206971 

232527 

6 

4 

1.27 

0.194 

15.0 

0.066 

c 

r>n 

3919.29 

206972 

2.32480 

4 

2 

1.40 

0.161 

8.3 

-0.192 

<; 

5n 

3912.09 

206972 

232527 

4 

4 

C.  1.37 

0.0.314 

1.62 

—  0  90 

c 

34 

2p23*"- 

2$  —  2p° 

[4272.3) 

[2268511 

(2502511 

2 

6 

1.08 

0.89 

25.0 

0.250 

c 

3.  ca 

2p2('.S)3p" 

.33 

2s2p33i"'  — 

tip 

4467.2 

(2453961 

[26777.5] 

6 

18 

0.92 

0.8.3 

73 

0.70 

(• 

ca 

2s2p3t5S°) 
3 p'" 

(94) 

4463.40 

[2453961 

[267783] 

6 

8 

0.92 

0.367 

32.1 

0.343 

c 

Is 

4467.88 

[245396j 

[267771] 

6 

6 

0.92 

0.275 

24.3 

0.218 

t ; 

Is 

4469.32 

[245.396] 

[267763] 

6 

4 

0.92 

0  181 

16.2 

0.042 

c 

Is 

36 

2p23p  — 

2S°  —  4P 

2p2(3P)3r/ 

(7) 

.3496.27 

20.3942 

2325.36 

2 

1 

0.01 1 1 

0.00108 

0.094 

-  2.088 

c 

5 

3488.18 

20.3942 

232603 

2 

2 

0.0084 

0.00152 

0.0350 

-  2.52 

c 

5 

37 

2S°  —  4D 

(8) 

3474.94 

203942 

232712 

2 

0.0085 

0.00153 

0.0351 

-2.51 

c 

5 

38 

2S°  _  *’P 

.{{8.5.9 

20.3912 

222468 

2 

6 

1.86 

().% 

21.1 

0.283 

c 

5,  ca 

(9) 

3390.23 

20.3942 

2334.30 

2 

4 

1.86 

0.61 

1 1.3 

0.108 

c 

Is 

3377.20 

203942 

233544 

2 

2 

1.88 

0.321 

7.1 

-0.19.3 

c 

Is 

39 

2S°  2D 

[3282.0] 

203942 

234402 

2 

4 

0.0168 

0.0054 

0.117 

-  1.97 

c 

.) 

40 

4D°-4K 

4074.8 

206898 

221429 

20 

>8 

1.98 

0.69 

185 

1.140 

c 

3,  ca 

(10) 

4073.87 

207003 

231530 

8 

10 

1.98 

0.62 

66 

0.69 

c 

Is 

4072.16 

206878 

231428 

6 

8 

1.70 

0.56 

45.3 

0  5.5 

c 

Is 

1069.90 

206786 

2.31350 

4 

6 

1.49 

0.55 

29.7 

0.546 

c 

Is 

4069.64 

206731 

231296 

2 

4 

1.39 

0.69 

18.5 

0.140 

c 

Is 

4092.94 

207003 

231428 

8 

8 

0.278 

0.070 

7.5 

-0.253 

c 

Is 

4083.12 

2(6)878 

231.350 

6 

6 

0.178 

0.120 

9.7 

-0.144 

c 

Is 

4078.86 

206786 

231296 

4 

4 

0.55 

0.1.38 

7.1 

-0.259 

c 

Is 

4106.03 

20700.3 

231.350 

8 

6 

0.0187 

0.00354 

0.383 

-1.55 

c 

Is 

4091.18 

266878 

231296 

6 

4 

0.0390 

0.0065 

0.5.3 

-  1.406 

c 

Is 

n 

4D°  — 4P 

2902.7 

20n89. 5 

222211 

20 

12 

0.06.3 

0.(K)86 

2.2! 

-0.76 

c 

3,  ca 

(11) 

3926.38 

207003 

232  46.3 

8 

6 

0.0493 

0.0085 

0.88 

-  1.165 

c 

Is 

38%. 30 

206878 

2.32536 

6 

4 

0.0397 

0.0060 

0. 164 

— 1.442 

c 

Is 

3872.43 

206786 

232603 

4 

2 

0.0321 

0.00361 

0  184 

-1.81 

c 

Is 

3907.43 

206878 

23246.3 

6 

o 

0.011.3 

0.00258 

0.199 

-1.81 

c 

Is 

.3882.4.3 

206786 

2325.36 

4 

4 

0.0204 

0.00462 

0.236 

-1.73 

c 

Is 

3861.13 

206731 

23260.3 

2 

2 

0.032.3 

0.0072 

0.184 

-  1.84 

c 

Is 

3893.33 

206786 

23216.3 

4 

6 

0.00126 

4.31  x  10  4 

0.0221 

-  2.76 

(\ 

Is 

3874.10 

206731 

232536 

2 

4 

0  00321 

0.00144 

0.0.',  68 

-2.54 

c 

Is 

12 

4D°  —  4D 

8867.2 

20689.5 

22271 6 

20 

20 

0.58 

0.130 

33.2 

0.416 

c 

3,  ca 

(12) 

3882.20 

207003 

2.3275 1 

8 

8 

0.193 

0.111 

11.4 

-  0.050 

(' 

Is 

3864.43 

206878 

232718 

6 

6 

0.3.34 

0.075 

5.7 

-  0  3 18 

c 

Is 

3831.04 

206786 

2327  Pi 

1 

* 

0.236 

0.052 

2.66 

-  0.68 

c 

Is 

3847.89 

206731 

232712 

2 

2 

0.295 

0.066 

1 .66 

-  0.88 

c 

Is 

3883.13 

207003 

2.327 18 

8 

6 

0. !  69 

0.0185 

1.89 

-  0.83 

<: 

Is 

3864.68 

206878 

27,2716 

6 

4 

0.204 

0.0304 

2.32 

-0.71 

c 

Is 

3856.16 

206786 

232712 

t  i 

2 

0.293 

0.0327 

1 .66 

-0  88 

c 

Is 

3863.30 

206878 

2.32754 

6 

8 

0.08.3 

0.0248 

1.89 

-0.8.3 

c 

Is 

3850.8! 

206786 

232718 

4 

6 

0.1.37 

0.0158 

2.32 

-0.74 

c 

Is 

3842.82 

206731 

2327  Pi 

2 

4 

0.148 

0.066 

1 .66 

-0.88 

c 

Is 

88 
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1  ran-ili-.h 

Multiple; 

a(Ai 

T“ 

F, (cm  '1  £*(c rn  ') 

/<*,(  10*  sec  ') 

/« 

.  ... 

.Si  at.  a.) 

Of 

- 

Aocu- 

Source 

3rra'. 

racy 

O 

43 

«l)°  -  -T 
(13, 

>851.17 

207003 

232959 

8 

8 

0.0223 

0.0050 

0.50 

-  1.402 

c 

5 

3857.18 

206878 

2327% 

6 

6 

0.0448 

0.0100 

0.76 

-  1.222 

c 

5 

3873.82 

207003 

2.32796 

8 

6 

0.0095 

0.00161 

0.164 

-  1.89 

c 

5 

3833.10 

206878 

232959 

6 

8 

0.0095 

0.00279 

0.211 

-1.78 

r: 

5 

3843.58 

206786 

232796 

4 

6 

0.0222 

0.0074 

0.374 

— 1.53 

c 

5 

41 

i|>°  _  4|> 

4151.7 

208431 

232511 

12 

12 

1.01 

0.261 

42.8 

0.4% 

n 

.3,  4  ra 

\  if) 

4169.28 

208184 

232463 

6 

6 

0.220 

0.057 

4.73 

-0.463 

C 

5/i 

4110.74 

208.392 

232536 

4 

4 

0.0236 

0.0061 

0.331 

-1.61 

c 

5/i 

4121.18 

208346 

2.32603 

2 

2 

0.93 

0.237 

6.4 

-0.324 

c 

5/i 

4156.54 

208184 

2325.36 

6 

4 

0.157 

0.0270 

2.22 

-0.79 

c 

5  FI 

4129.34 

208392 

2.32603 

4 

2 

0.150 

0.0191 

1.04 

-1.116 

c 

5  n 

4153.50 

208392 

2.32463 

4 

6 

0.77 

0.298 

16.3 

0.076 

c 

5/i 

4 132.81 

208.346 

232536 

2 

4 

0.84 

0.430 

11.7 

-0.066 

c 

5.i 

15 

-P0-i) 

mu 

2CB431 

232746 

12 

20 

1.49 

0.63 

102 

0.88 

c 

3,  fa 

(20, 

4119.22 

20M84 

232754 

6 

8 

1.48 

0.50 

40.8 

0.478 

c 

Is 

410-1.74 

208392 

232748 

4 

6 

1.04 

0.3% 

21.4 

0.200 

c 

Is 

4097.26 

208.316 

232746 

2 

4 

0.63 

0.315 

8.5 

-0.201 

c 

Is 

4120.28 

208184 

232748 

6 

6 

0.143 

0.113 

9.2 

-0.170 

c 

Is 

4105.00 

408392 

232746 

4 

4 

0.80 

0.202 

10.9 

-0.093 

c 

Is 

4103.02 

208316 

232712 

2 

2 

1.25 

0.315 

8.5 

-0.201 

c 

Is 

4120.55 

208481 

232  16 

6 

4 

0.074 

0.0125 

1.02 

-1.124 

c 

h 

41 10.80 

208392 

232712 

4 

2 

0.248 

0.0314 

1.70 

-0.90 

c 

Is 

46 

4P°  -  :r 

(21) 

4084.66 

208481 

232959 

6 

8 

0.065 

0.0216 

1.74 

-0.89 

c 

5 

40%. 54 

208392 

2327% 

4 

6 

0.092 

0.0347 

1.87 

-0.86 

c 

5 

4112.03 

208184 

2327% 

6 

6 

0.109 

0.0275 

2.23 

-  0.78 

c 

5 

17 

JP°--P 

(22) 

3967.44 

208316 

233544 

2 

2 

0.0133 

0.00314 

0.082 

-  2.203 

c 

5 

3985.46 

208346 

233430 

2 

4 

0.0084 

0.00400 

0.105 

-2.097 

c 

5 

48 

2D°  — *D 

(24) 

4751.34 

21171.3 

232754 

6 

8 

0.059 

0.0264 

2.48 

-0.80 

c 

5 

4710.04 

211522 

232748 

4 

6 

0.170 

0.085 

5.3 

-0.469 

c 

5 

4752.70 

211713 

232748 

6 

6 

0.0088 

0.00300 

0.281 

-1.75 

c 

5 

•19 

*0°-^ 

4703.0 

211636 

232889 

10 

14 

1.38 

0.64 

99 

0.81 

c 

3,  fa 

(25) 

4705.36 

211713 

232959 

6 

8 

1.38 

0.61 

57 

0.56 

c 

Is 

4699.21 

211522 

2327% 

4 

6 

1.29 

0.64 

39.6 

0.408 

r 

Is 

4741.71 

211713 

232796 

6 

6 

0.090 

0.0302 

2.83 

-0.74 

c 

Is 

50 

2D°-2P 

4570.2 

21 1636 

233468 

10 

6 

0.0418 

0.0079 

1.19 

-1.103 

C 

3,  fa 

(4598.21 

211713 

23.3430 

6 

4 

0.0372 

0.0079 

0.71 

-1.326 

c 

Is 

(4539.61 

21 1522 

233544 

4 

2 

0.0430 

0.0066 

0.397 

-  1.58 

c 

Is 

;i:>o3.2j 

211522 

233430 

4 

4 

0.0423 

0.00132 

0.079 

-2.278 

c 

Is 

51 

2l)°  —  2D 

4385.3 

211636 

234434 

10 

10 

0.4.30 

0.124 

17.9 

0.093 

c 

3,  ra 

(26) 

4395.95 

211713 

234454 

6 

6 

0.398 

0.115 

10.0 

-0.161 

c 

Is 

4369.28 

211522 

234402 

4 

4 

0.391 

0.112 

6.4 

-0.349 

c 

Is 

4406.02 

211713 

234402 

6 

4 

0.0424 

0.0082 

0.72 

-1.307 

c 

Is 

4359.38 

211522 

234454 

4 

6 

0.0292 

0.0125 

0.72 

-1.302 

c 

Is 

S 

S 
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No. 

Transition 

Multiplei 

X(A) 

£,(cw  ') 

Fn-tcrn  9 

//».'. 10"  -**c  •> 

[ 

u 

Nlat.ul 

f 

5. 

Array 

52 

X 

o 

i 

■v 

491.1.0 

212162 

222211 

4 

12 

0.67 

0.73 

47.3 

0.466 

(28) 

4924.60 

212162 

232463 

4 

6 

0.67 

0.365 

23.7 

0  165 

4906.88 

212162 

232536 

4 

4 

0.68 

0.245 

15.8 

-0.011 

4890.93 

212162 

232603 

4 

2 

0.68 

0.122 

7.9 

-0.310 

53 

4S°  — 4D 

(29) 

4856.49 

212162 

232748 

4 

6 

0.094 

0.050 

3.19 

-0.70 

4856.7o 

212162 

23274/) 

4 

4 

0.176 

0.062 

3.97 

-  0.61 

4864.95 

212162 

232712 

4 

2 

0.235 

0.0417 

2.67 

-0.78 

54 

*S°--F 

(30) 

4845.0 

212162 

2327% 

4 

6 

0.0094 

0.0050 

0.316 

-  1.70 

55 

*po _ 2p 

5/9/./ 

214210 

222468 

6 

6 

0.53 

0.213 

21.8 

0.1 06 

(32) 

5206.73 

214229 

233430 

4 

4 

o.;*9i 

0.160 

10.9 

-0.197 

5160.02 

214170 

2335 14 

2 

2 

0.350 

0.140 

1.7.S 

—  0m 

51763/0 

214229 

233544 

4 

2 

0.171 

0.0343 

2.31 

—  0  86 

5190.56 

214170 

233430 

2 

1 

-t 

9.137 

0.111 

3.78 

-0.6/) 

56 

2P°  -  -D 

494:i.2 

214210 

224424 

6 

10 

1.07 

0.65 

6-1 

0.59 

(33) 

*943.06 

214229 

234454 

4 

6 

1.06 

0.58 

37.9 

0.367 

4941.12 

214170 

234402 

2 

4 

0.83 

0.61 

19.7 

0.083 

4955.78 

214229 

234402 

4 

4 

0.256 

0.094 

6.1 

-0.421 

57 

2p  -3p'  - 

aF°-sF 

4446.1 

228727 

221222 

14 

14 

0.59 

0.176 

36.0 

0.391 

2p'-(‘Dl3d' 

(35) 

4448.21 

228747 

251221 

8 

8 

0.57 

0.169 

19.8 

0.131 

4443.05 

228723 

251224 

6 

6 

0.57 

0.167 

14.7 

0.002 

[4447.71 

228747 

251224 

8 

6 

0.0282 

0.0063 

0.74 

— 1.299 

[4443.71 

228723 

251221 

6 

8 

0.0212 

0.0084 

0.74 

—  1.299 

58 

*F°-  :,G 

4/87.9 

228727 

222608 

u 

18 

2.51 

0.85 

164 

1.075 

(56) 

4189.79 

228747 

252608 

8 

10 

2.51 

0.83 

91 

0.82 

418.5.46 

228723 

252609 

6 

8 

2.43 

0.85 

70 

0.71 

(4189.61 

228747 

252609 

8 

8 

0.090 

0.0236 

2.60 

-0.72 

59 

-F0--D 

41  '2.3 

228727 

222048 

14 

10 

0.132 

0.0239 

4.53 

—  0.476 

(37) 

411.5.82 

228747 

253048 

8 

6 

0.126 

0.0239 

2.59 

-0.72 

4110.20 

228723 

253046 

6 

4 

0.132 

0.0223 

1.81 

-0.87 

[1109.81 

228723 

253048 

6 

6 

0.0063 

0.00159 

0.129 

-2.021 

60 

-l)°  —  -F 

17011.8 

229955 

221222 

10 

14 

0.88 

0.410 

63 

0.61 

(40) 

4699.21 

229917 

251221 

6 

8 

0.88 

0.390 

36.2 

0.369 

4703.18 

229968 

25 1 22 1 

1 

6 

0.82 

0.110 

25. 1 

0.215 

1698/8 

229947 

251224 

6 

6 

0.059 

0.0195 

1.81 

-  0.93 

61 

1868. 1 

222211 

2.22048 

6 

10 

0. 137 

0.259 

24.9 

0.191 

(57) 

4871.58 

232527 

2530-18 

•1 

6 

0. 135 

0.232 

14.9 

-0.032 

4861.03 

252480 

253046 

2 

1 

0.366 

0.259 

8.3 

-0.285 

[4872.21 

232527 

253016 

4 

4 

9.073 

0.0259 

1.66 

-  0.99 

62 

-P°--P 

1698.0 

222211 

222791 

6 

6 

1.05 

0.317 

33.2 

0.319 

(58) 

1701.23 

232527 

253792 

4 

1 

0.87 

0.289 

17.9 

0.063 

1691,47 

232480 

253790 

2 

2 

0.70 

0.232 

7.2 

-  0.334 

1701.76 

232527 

253790 

1 

2 

0.349 

0.0' 9 

3.58 

-  0.64 

1690.97 

232480 

253792 

2 

4 

0.176 

0.116 

3.58 

-  0.64 

\<cu- 

rac> 

C 

C 

<; 

c 


<: 

<: 

c 


c 

c 

c 

il 

c 

c 

c 

c 

c 

c 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
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.4,  4,  ra 

on 

on 

on 
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Is 

Is 
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Is 
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Is 

Is 

Is 
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Is 
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Is 
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Oil.  Allowed  Transitions  —  Continued 


\... 

Transition 

Multiple! 

— 

A(.\) 

') 

Eld  cm  1 ) 

g> 

At,i  10"  see' ') 

,S(at.u.) 

log  gf 

Accu- 

Si.uree 

Array 

racy 

63 

*P°-SS 

432.5.7 

232.5// 

25.5622 

6 

2 

1.81 

0.170 

14.5 

0.008 

c 

3,  co 

(61) 

4328.62 

232527 

255622 

4 

2 

1.21 

0.170 

9.7 

-0.168 

c 

Is 

4319  9.3 

2.32480 

255622 

2 

2 

0.61 

0.170 

4.83 

-0.469 

c 

Is 

61 

2s2p‘3p"- 

•P-SB* 

4/44.4 

[26777.5J 

[ 201807 ] 

18 

30 

0.211 

0.090 

22.2 

0.211 

c 

ca 

2j2pY'S°) 

:W"’ 

(106) 

4146.09 

[267783] 

[2918%] 

8 

10 

0.210 

0.068 

7.4 

-0.266 

c 

Is 

414.3.77 

[267771] 

[291897] 

6 

8 

0.1.35 

0.0464 

3.80 

-0.55 

c 

Is 

4142.24 

(267763) 

[291898] 

4 

6 

0.066 

0.025.3 

1.38 

-0.99 

c 

Is 

4145.90 

[267783J 

[291897] 

8 

8 

0.075 

0.0194 

2.12 

—  0.8i 

c 

Is 

4143.52 

[267771] 

[291898] 

6 

6 

0.129 

0.0.3.31 

2.71 

-0.70 

c 

Is 

4141.% 

[2677631 

[291899] 

4 

4 

0.148 

0.0380 

2.07 

-0.82 

c 

Is 

[4145.6] 

[2677831 

[291898] 

8 

6 

0.0167 

0.00323 

0.353 

-  1.59 

c 

Is 

[4143.4) 

[267771] 

[2U  899] 

6 

4 

0.063 

0.0108 

0.89 

-  1.186 

c 

Is 

4142.08 

[267763] 

j  91900] 

4 

2 

0.211 

0.0271 

1.48 

-().% 

c 

Is 

2p23p  - 

SS°--P 

'2738.0 

20.3942 

2494.54 

2 

6 

0..36 

0.12 

2.2 

-0.61 

D 

3,  ca 

2p-f:,P>4i 

(20  uv) 

2733.34 

203942 

240516 

2 

4 

0.37 

0.082 

1.5 

-0.79 

D 

Is 

2747.46 

20.3942 

240329 

2 

2 

0..36 

0.041 

0.71 

-  1.09 

D 

Is 

66 

<DC  — <P 

3/33.9 

29689.5 

2387 9.5 

20 

12 

1.53 

0.135 

27.9 

0.432 

C 

.3.  ca 

(14) 

3134.82 

207003 

238893 

8 

6 

1.23 

0.1.36 

11.2 

0.036 

C 

Is 

31.38.44 

206878 

2.38732 

6 

4 

0% 

0.095 

5.9 

-0.246 

C 

Is 

3139.77 

206786 

238626 

4 

2 

0.76 

0.056 

2.33 

-0.65 

C 

Is 

.3122.62 

206878 

2.38893 

6 

6 

0.278 

0.0407 

2.51 

-0.61 

C 

Is 

.3129.44 

206786 

238732 

4 

4 

0.49.3 

0.072 

2.98 

-0.54 

C 

Is 

.3134.32 

206731 

238626 

2 

2 

0.77 

0.113 

233 

-0.65 

C 

Is 

311.3.71 

206786 

2.38893 

4 

6 

0.0312 

0.0068 

0.279 

-1.57 

C 

Is 

.3124.02 

206731 

2.38732 

2 

4 

0.077 

0.0226 

0.465 

-1.345 

C 

Is 

67 

4[>o_  4p 

3292.4 

'2084.il 

23879. 5 

12 

12 

0.85 

0.138 

18.0 

0.220 

C 

.3,  ca 

(23) 

.3287.59 

208484 

23889.3 

6 

6 

0.60 

0.097 

6.3 

-0.235 

c 

Is 

.3295.13 

208.392 

2.387.32 

4 

4 

0.113 

0.0184 

0.80 

-1.132 

c 

Is 

3.301.56 

208.346 

2.38626 

2 

2 

0.141 

0.02.30 

0.50 

-1.337 

c 

Is 

3.305.15 

208484 

2.38732 

6 

4 

0.379 

0.0414 

2.70 

-0.61 

c 

Is 

3306.60 

208.392 

238626 

4 

2 

0.70 

0.057 

2.50 

-0.64 

c 

Is 

.3277.69 

208.392 

2.3889.3 

4 

6 

0.259 

0.06.3 

2.70 

-0.60 

c 

Is 

3290.13 

208.346 

2.387.32 

2 

4 

0.356 

0.115 

2.50 

-0.64 

c 

Is 

68 

2J)°_2p 

3469./ 

2// 636 

240454 

10 

6 

1.25 

0.135 

15.4 

0.130 

c 

3,  ca 

(27) 

3470.81 

211713 

240516 

6 

4 

1.12 

0.135 

9.2 

-0.092 

c 

Is 

.3470.42 

211522 

240329 

4 

2 

1.24 

0.112 

5.1 

-0.348 

c 

Is 

34*47.98 

211522 

240516 

4 

4 

0.127 

0.0227 

1.03 

-1.042 

c 

Is 

69 

^S0- JP 

3753.7 

212162 

238795 

4 

12 

0.265 

0.168 

8.3 

-0.173 

c 

3,  4,  ca 

(31) 

3739.92 

212162 

258893 

4 

6 

0.267 

0.084 

4.14 

-  0.473 

c 

4n,  Is 

3762.6.3 

212162 

238732 

4 

4 

0.269 

0.057 

2.83 

-0.64 

c 

4n,  Is 

.3777.60 

212162 

238626 

4 

2 

0.252 

0.0269 

1.34 

-0.97 

c 

4n,  Is 

70 

1 

-a 

3809.3 

214210 

240454 

6 

6 

0.65 

0.142 

10.7 

-0.069 

c 

3,  ca 

(34) 

3803.14 

2142,30 

240516 

4 

4 

0.55 

0.119 

5.9 

-0.324 

c 

Is 

3821.68 

214170 

240329 

2 

2 

0.432 

0.095 

2.38 

-0.72 

c 

Is 

3830.45 

214230 

240329 

4 

2 

0.215 

0.0236 

1.19 

-1,025 

c 

Is 

3794.48 

214170 

240516 

2 

4 

0.110 

0.0476 

1.19 

-  1.021 

c 

Is 
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Nii 

TranMli«m  Multiplet 

A(  \) 

£,i<m  9 

A\U  iii  ’> 

1 

P 

4».i  10'  '.  <•  *i 

/;4 

1 

.N’lal  u. i 

'  ! 

kI 

\<  i  a 

s.niri  t 

\rra> 

1  jr\ 

71 

2p’3p'  - 

2P-2D 

i272.4 

2287.1T 

259287 

14 

10 

1.20 

0.1.37 

20.7 

0.284 

( 

.3,  ca 

1  2p2(,D4s' 

(39) 

3273.52 

228747 

259286 

8 

6 

1.14 

0.1.37 

11.8 

0.059 

(. 

Is 

3270.98 

228723 

259287 

6 

4 

1.20 

0.128 

8.3 

-0.114 

<: 

Is 

(3270.9] 

228723 

259287 

6 

6 

0.057 

0.0091 

0.59 

-  1.261 

<: 

Is 

72 

1 

2D°  — 2D 

1 408.4 

229956 

259287 

10 

10 

0.80 

0.140 

15.7 

0.146 

<: 

3.  ca 

(44) 

3407.38 

229947 

j 

259286 

6 

6 

0.75 

0.1.31 

8.8 

-0.106 

<: 

Is 

3409.84 

229*168 

259287 

4 

4 

0.72 

0.126 

.*>.  . 

-  0.298 

c 

Is 

3407.38 

229947 

259287 

6 

4 

0.080 

0.0093 

0.6.3 

-1.252 

c 

Is 

3409.84 

229968 

259286 

4 

6 

0.054 

0.0140 

0.6.3 

-  1.252 

c 

Is 

73 

2P°-2D 

37.0.9 

2325/3 

259287 

6 

10 

0.416 

0.145 

10.7 

-  0.060 

<: 

3,  ca 

(62) 

3735.94 

232527 

259286 

4 

6 

0.416 

0.130 

6.4 

-  0.282 

c 

Is 

! 

3729.34 

232480 

259287 

2 

4 

0.349 

0.145 

5.57 

-0.54 

c 

Is 

1 

13735.91 

232527 

259287 

4 

4 

0.069 

0.0145 

0.71 

-  1.237 

i: 

Is 

74 

2pr,\d  — 

*F-'D° 

6897.5 

23/429 

24592.1 

28 

20 

0.33.3 

0.170 

108 

0.68 

c 

3,  ca 

2p2(3P)4p 

(45) 

6895.29 

23  i  530 

246029 

10 

8 

('.298 

0.170 

.38.6 

0.231 

c 

Is 

6906.54 

231  428 

245W.3 

8 

6 

0.272 

0.146 

26.5 

0.067 

<; 

Is 

6910.75 

231.350 

245816 

6 

4 

0.267 

0.127 

17.4 

-0.117 

c 

Is 

6W8.11 

2.31296 

245768 

4 

2 

0.5.32 

0.119 

10.8 

-  0.32.3 

c 

Is 

6846.97 

231  428 

246029 

8 

8 

0.0.347 

0.02-M 

4.40 

-0.71 

c 

Is 

6869.74 

231.350 

245W.3 

6  j 

6 

0.059 

0.0415 

5.6 

-  0.60 

c 

Is 

6885.07 

2.31296 

245816 

l 

4 

0.067 

0.0476 

4.32 

-0.72 

c 

Is 

(6810.61 

231350 

246029 

6 

8 

0.00180 

9.00167 

0.224 

-  2.000 

c 

Is 

(6814.11 

2.312% 

245W.3 

4 

6 

0.00325 

0.00.343 

0.309 

-  1.86 

c 

Is 

'•> 

1 

Zp_2p> 

6657.3 

213468 

248485 

6 

6 

0.105 

0.070 

9.2 

-  0.377 

c 

3,  ca 

(85) 

6627.62 

233430 

248514 

4 

4 

0.089 

0.059 

5.1 

-  0.63 

c 

Is 

|6718.1( 

23.3544 

248425 

2 

2 

0.068 

0.0461 

2.04 

-  1 .035 

<: 

Is 

6678.19 

233544 

248514 

2 

4 

0.017.3 

0.0232 

1.02 

-  1.3,34 

<: 

Is 

6666.94 

23.34.30 

248425 

4 

2 

0.0349 

0.0116 

1.02 

-1.333 

c 

Is 

76  j 

2p2.'k/- 

3F— 4G° 

4093.7 

23/429 

255859 

28 

.36 

2.60 

0.84 

.317 

1.372 

c 

.3,  ca 

2p2(3P)4/ 

(48) 

4089.30 

2.315.30 

255978 

10 

12 

2.62 

0.79 

106 

0.90 

c 

Is 

1  4097.26 

2.31428 

255828 

8 

10 

2.37 

0.75 

81 

0.78 

c 

Is 

4095.63 

2.31350 

255759 

6 

8 

2.23 

0.75 

61 

0.65 

c 

Is 

4087.16 

2.312% 

255756 

4 

6 

2.24 

0.84 

45.3 

0.53 

c 

Is 

(4114.41 

2.315.30 

255828 

10 

10 

0.212 

0.054 

7  3 

-  0.269 

c 

Is 

4108.75 

2.31428 

2.55759 

8 

8 

0.349 

0.088 

9.6 

-0.151 

c 

Is 

1 

4096.18 

231.350 

255756 

6 

6 

0.359 

O.OW 

7.3 

-  0.267 

c 

Is 

(4126.11 

2.31530 

255759 

10 

8 

0.0077 

0.00158 

0.214 

-  1.80 

c 

Is 

(4109.3) 

231428 

255756 

M 

6 

0.0128 

0.00244 

0.264 

-  1.71 

c 

Is 

77 

4P—  *L)0 

4293.8 

2325// 

255  794 

1  ** 
1^. 

20 

1.98 

0.91 

155 

1  040 

c 

.3,  ca 

(54) 

4303.82 

23246.3 

255691 

6 

8 

1.97 

0.73 

62 

0.64 

c 

Is 

4294.82 

2.325.36 

255813 

4 

6 

1.39 

0.57 

.32.5 

0.362 

c 

Is 

(4288.8] 

23260.3 

25591.3 

2 

4 

0.83 

0.457 

12.9 

-  0.0.39 

(’. 

Is 

4281.40 

2.32  46.3 

25581.3 

6 

6 

0.60 

0.164 

13.9 

-  0.006 

<: 

Is 

4282.82 

2325.36 

255913 

4 

4 

1.06 

0.29.3 

16.5 

-  0.068 

c 

Is 

4288.83 

23260.3 

255912 

2 

2 

1.66 

0.457 

12.9 

-  0.0.39 

c 

Is 

i 

(426.3.21 

232-463 

25591.3 

6 

4 

0.101 

0.0184 

1.55 

-0.% 

<’ 

Is 

i 

4276.71 

2.325.36 

255912 

4 

2 

0.334 

0.0458 

2.53 

-0.74 

c 

Is 

92 


.Slai.u.) 


82 

56 

36.8 
23.0 

9.3 

11.9 
9.2 
0.474 
0.65 


ray 


11.3 

7.8 

5.1 

3.16 

1.29 

1.65 

1.27 

0.066 

0.090 


11.7 

9.0 

0.335 


Forbidden  Transitions 


The  adopted  values  are  exclusively  from  Seaton  and  Osterbroek’s  calculations  [ij.  The 
important  effects  of  configuration  interaction  are  partially  taken  into  account  and  a  reliable  esti¬ 
mate  of  the  quadrupole  integral  is  given  (see  also  general  introduction). 


Reference 

(lj  Seaton,  M.  J..  and  Oslrrbrock.  I).  K„  Aslrophys.  J.  125,  66--B.1  (19571. 


O  II.  Forbidden  Transitions 


No. 

Transition 

Array 

Multiplet 

”1 

At  At 

.  1 

£,(cm  '•( 

f/tlcm  'i 

& 

Type  of 
Transi¬ 
tion 

Aii, (sec  ') 

.S'lat.u.) 

Accu¬ 

racy 

Source 

1 

2  p-1  —  2  p3 

a. 

7, 

o 

1 

N 

C 

o 

(1  Ft 

.4728.91 

0.0 

26810.7 

4 

6 

III 

7. 3  x  10  -« 

8.5  x  10" 

c 

1 

.5728.91 

0.0 

26810.7 

3 

6 

C 

3.1  x  10  ' 

1.1  x  10  4 

I) 

1 

.4726.16 

0.0 

26830.5 

3 

3 

Ill 

1 . 33  x  10-4 

1.10  x  10  ' 

c 

1 

5726.16 

0.0 

26830.5 

1 

3 

V 

2.7  x  10" 

4.5  x  10  1 

I) 

1 

2 

1 247().4| 

0.0 

40466.9 

4 

4 

Ill 

0.060 

1.33  X  10  4 

f 

1 

(2470.41 

0.0 

40466.9 

4 

3 

V 

1.5  x  10  7 

3.3  x  10  " 

I) 

1 

|2470.3| 

0.0 

40468.4 

4 

2 

III 

0.0238 

2.66  x  10  71 

c 

1 

[2470.3] 

0.0 

40468.4 

3 

2 

«■ 

7.4  x  10  7 

8.1  x  10" 

11 

1 

3 

2I)°  —  3I)° 

[50.8  x  105] 

26810.7 

26830.5 

6 

3 

m 

1.26  x  10  7 

2.40 

15 

1 

[50.5  x  105j 

26810.7 

26830.5 

6 

C 

1.5  x  10 

0.0012 

l> 

l 

4 

2J)°  —  2|*° 

(2  Ft 

7319,4 

26810.7 

40466.9 

6 

4 

III 

0.0091 

5.3  x  10  4 

(' 

1 

7319.4 

26810.7 

40366.9 

6 

3 

V 

0.1  Of) 

5.30 

(. 

1 

7318.6 

26810.7 

40468  t 

6 

2 

1* 

0.0610 

1.52 

c 

1 

7330.7 

26830.5 

4014)6.9 

3 

4 

Ill 

0.0160 

9.3  x  10  4 

<; 

1 

7330.7 

26830.5 

40466.9 

4 

3 

C 

('.0350 

2.29 

(. 

1 

7329.9 

26830.5 

40468.4 

t 

2 

in 

0.0103 

3.01  x  10  4 

c 

1 

7.429.9 

26830.5 

30468.4 

3 

2 

C 

0.0900 

2.27 

(; 

1 

2J>°  __  2  j  >° 

[6.7  x  107| 

40466.9 

40468.4 

4 

2 

ni 

6.01  X  10  " 

1.33 

c  + 

1 

[6.7  x  107| 

40466.9 

40468.4 

4 

2 

C 

3.9  X  10  21 

5.0  x  10  1 

L 

1 

94 


Cruuntl  State 


ioni/ation  Potential 


\\  aveiength  |  A| 


.302.34 
303.41 1 
303.460 
303.515 
303.621 

303.693 

303.799 

305.5% 

305.656 

305.703 

305,769 

305.836 

305.879 

320.979 

328.448 

345.309 
373.805 
374.005 
374.075 
374. 165 

374.331 
374.436 
395.558 
434.975 
507.391 

507.683 

508.182 

525.795 

597.818 

599.598 

702.332 
702.822 
702.899 
703.850 
832.927 

833.742 
835.096 
835.292 
245 1.99 
2558.06 

2597.69 
2605.41 
2609.6 

2665.69 
2674.57 


O  IK 


Is2  2s2  2p2  3P0 


54.886  eY  =442807  cm"' 


Allowed  Transitions 

List  of  tabulated  lines: 


No. 

— r —  _ 

J  W  aveiength  |Aj 

No. 

1  "  - 

J  Wavelength  [A) 

No. 

14 

2683.65 

36 

f  3284  57 

97 

!  1 

11 

11 

11 

2686.14 
|  2687.53 

2695.49 
2983.78 

24 

36 

36 

20 

3299.36 

3305.77 

3312.30 

3326.16 

17 

27 

17 

40 

1! 

2992. 1 1 

28 

|  3330.40 

40 

1  1 

10 

29%. 31 
2997.71 

28 

28 

3332.49 

3333.00 

40 

97 

10 

3004.35 

28 

3333.40 

23 

10 

3008.79 

28 

3336.78 

i 

23 

10 

3017.63 

28 

3336.78 

40 

10 

3023.45 

18 

3340.74 

it 

10 

3024.36 

28 

3344.26 

23 

13 

3024.37 

18 

3344.26 

40 

12 

3035.43 

18 

3348.05 

40 

15 

3043.02 

18 

>350.68 

23 

7 

3047. 1,3 

18 

3350.99 

23 

l 

3059.30 

18 

3355.92 

40 

7 

3065.01 

38 

3362.38 

23 

7 

3068.06 

38 

3376.4 

39 

7 

3068.48 

38 

3376.82 

39 

7 

3068.68 

38 

3377.3 

39 

8 

30  i  4. 1 3 

38 

3382.69 

39 

9 

3074.68 

38 

3383.5 

39 

3 

3075.19 

38 

3383.85 

39 

3 

3075.95 

38 

3384.95 

39 

3 

3083.65 

38 

3394.26 

39 

5 

3084.63 

38 

3395.5 

39 

6 

3088.04 

38 

3405.74 

31 

4 

3095.81 

38 

3408.13 

31 

2 

2 

3115.73 

3121.71 

29 

29 

3415.29 

3428.67 

31 

31 

2 

3332.86 

29 

3430.60 

31 

2 

3198.2 

42 

3444.10 

31 

1 

3200.95 

42 

3446.73 

37 

1 

3202.2 

42 

3447.22 

37 

1 

1 

21 

46 

3207.12 

3210.2 

3215.97 

3221.2 

42 

42 

42 

42 

3448.% 

3450.  4 

3451.3.3 

3454.90 

37 

37 

37 

37 

45 

45 

45 

24 

24 

3260.98 

3265.46 

3267.31 

3279.97 

3281.94 

27 

27 

27 

47 

27 

3455.12 

3459.52 

3459.98 

3466.15 

3466.90 

37 

37 

37 

37 

37 

7S6  615  O  66-8 


95 


List  ni  tabulated  lines  —  Continued 


Wavelength  [A] 

. 

j: 

No. 

1 

Wavelength  |A| 

I 

NmJ 

.  ‘  1 

NX  a  vr  length  |A| 

No 

3475.2 

37 

3712  48 

22 

3816.75 

.31 

3520.7 

26 

3714.0.3 

30 

3%  1.59 

33 

3530.7 

26 

3715.08 

30 

1072.3 

25 

3532.8 

26 

3720.86 

22 

107.3.90 

25 

3584.3 

26 

3721.95 

22 

i  i 

1081.10 

25 

3555.3 

26 

3725.30 

30 

1088.5 

Vy 

3556  92 

26 

3728.49 

n 

1103.8 

25 

3638.70 

44 

.3728.82 

n 

1118.6 

3645.20 

44 

3729.70 

n 

1140.1 

i:; 

3646.84 

ft 

3732.13 

.30 

1147.82 

13 

3649.20 

1 

14 

.3731.80 

•>•> 

18.1.56 

13 

3650.70 

tt 

37 12.0 

1! 

5268.06 

.r. 

3653.00 

44 

37 17.6 

11 

55(H).  1 1 

32 

3695.37 

22 

375 1.67 

i6 

5592.37 

19 

3698.70 

22 

3757.21 

16 

1 

.3702.75 

.31) 

3759.87 

16 

1 

3703.37 

22 

3761.2 

1! 

| 

3701.73 

22 

.  >77  1.00 

16 

1 

3707.24 

30 

3791.26 

16 

j  1 

3709.52 

_ *"*- _ 1 

3810% 

16 

J _  _ 1 

. 

V  alues  for  the  strong  2s~  2p-  —  2s2pK  transitions,  which  are  very  sensitive  to  configuration 
interaction,  are  taken  from  the  calculations  of  Bolotin  ct  al.  [lj.  These  authors  have  used  ana¬ 
lytical  one-electron  wave  functions  anil  include  config Jiation  interaction  in  a  crude  manner. 
Thus  large  uncertainties  must  he  expected.  This  applies  also  lor  the  2p2  —  2p3s  and  to  a  lesser 
extent  to  the  2pi  —  2p'2>d  transitions,  for  which  only  Kelly’s  self-consistent  field  calculations  [2] 
are  available.  In  these,  configuration  interaction  has  been  entirely  neglected  For  many  oilier 
transitions  the  simplified  self-consistent  held  calculations  by  Kelly  [3|.  in  which  exchange  effects 
are  approximately  taken  into  account,  are  applied.  The  results  agree  within  a  few  percent  with 
the  values  of  the  Coulomb  approximation  and  the  averager!  values  are  adopted.  The  accuracy 
rating  of  ”C"  is  supported  by  the  good  agreement  with  relative  /-value  measurements  of  Berg 
et  al.  [4(  done  with  a  magnetically  driven  shock  lube. 
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OIII.  Allowed  Transitions 


No. 

I 

l'ran-'iion 

Mulliplel 

r  " 

K\\) 

~ 1 

F,(cm  ') 

n 

Fnicni  'l 

r  “) 

I  .4*, <10*  i 

f,k 

.Slat. it.) 

l"g  «/ 

Accu 

Sniirr  < 

Arrav 

—  - 

sec  ') 

raev 

1 

2s22[r  - 

■!»—  *I)° 

HUM) 

298.2 

120011 

9 

15 

8.4 

0.15 

3.6 

0.12 

K 

1 

2.v2  p' 

1 1  uv) 

835.292 

( 

30ft.  8 

12002.4 

.*) 

i 

8.1 

0.12 

1.7 

—  0.21 

K 

Is 

835.712 

11.3.4 

120053 

5 

6.3 

0.11 

0.90 

-  0. 18 

K 

Is 

882.927 

0.0 

120059 

1 

3 

1.7 

0.15 

0  10 

-0.81 

K 

Is 

835.096 

306.8 

1 2<H)53 

.4 

2.1 

0.022 

0.30 

-  0.96 

K, 

Is 

333.7 12 

113.1 

120059 

j 

3 

3.5 

0.036 

0.30 

-  ().% 

H 

Is 

8.35.096 

306.8 

120059 

•-> 

3 

0.23 

0.0015 

0.020 

-  2. 1 1 

K 

Is 

96 


O  III.  Allowed  Transitions  —  Continued 


\n 

1  ruiiMtion 
\rrav 

Miiliipli'i 

A<  A 1 

'i 

£\lrm  *1 

1 

to. 

.4vi(  10" 

') 

ft 

Sial.u.  i 

l"P  Rt 

Accu¬ 

racy 

Source 

2 

‘1’  - 

701  .10 

2  OH.  2 

112181 

9 

9 

25 

0.18 

3.8 

0.22 

K 

1 

(2  uv) 

703.850 

306.8 

142.382 

.) 

3 

19 

0.14 

1.6 

-0.16 

E 

Is 

702.899 

113.4 

142.383 

3 

3 

6.2 

0.016 

0.32 

-0.86 

E 

Is 

703.850 

306.8 

1 12.383 

r> 

3 

10 

0.046 

0.53 

—  0.64 

E 

Is 

702.822 

113.4 

1 12397 

3 

1 

25 

0.061 

0,42 

-0.74 

E 

Is 

702.899 

11.3.4 

142.382 

•> 

.4 

3 

6.2 

0.076 

0.53 

—  0.64 

E 

Is 

702.332 

0.0 

14238.3 

1 

3 

8.2 

0.18 

0.42 

-0.74 

E 

Is 

■> 

•i 

<P  _  :iS° 

507.93 

20H.2 

197087 

9 

3 

150 

0  19 

2.9 

0.24 

E 

1 

(3  uvl 

508.182 

306.8 

197087 

,4 

3 

82 

0.19 

1.6 

-0.02 

E 

Is 

507.083 

113.4 

197087 

3 

3 

50 

0.19 

0.97 

-0.24 

E 

Is 

507.391 

0.0 

197087 

1 

.3 

17 

0.19 

0.32 

-0.72 

E 

Is 

*I>  —  1 1)° 

599.598 

20271 

187019 

.) 

3  j 

68 

0.37 

3.6 

0.26 

E 

1 

(7  uvi 

ft  ; 

>D  —  ‘P° 

525.795 

20271 

2101.59 

.s 

3 

100 

0.25 

2.2 

0.10 

E 

1 

(8  uv) 

6 

■S-  'P° 

597.818 

43184 

210159 

1 

3 

21 

0.35 

0.69 

-  0.46 

E 

1 

1 13  uv  I 

I 

2 1>2~ 

:ip  _  apo 

174.12 

208.2 

207101 

9 

9 

38 

0.081 

0.90 

-0.14 

E 

2 

2pl2P°)3s 

(4  u\) 

1 

1 

374.075 

306.8 

2676.33 

5 

3 

29 

0.061 

0.37 

-  0.52 

E 

Is 

374.165 

113.4 

267376 

3 

.3 

9.6 

0.020 

0.075 

-  1.22 

E 

Is 

374.436 

206.8 

267.376 

3 

.3 

16 

0.020 

0.12 

-0.99 

E 

Is 

374.331 

113.4 

267257 

3 

1 

.38 

0.027 

0.10 

-  1.09 

E 

Is 

373.805 

113.4 

26763.3 

.3 

5 

9.6 

0.034 

0.12 

-0.99 

E 

Is 

374.005 

0.0 

267376 

1 

3 

13 

0.081 

0.10 

-  1.09 

E 

Is 

« 

1 1)  —  *  P° 

395.558 

20271 

27.3080 

5 

3 

68 

0.096 

0.62 

-0.32 

E 

2 

i9  uv) 

9 

O 

a. 

l 

/, 

434.975 

43184 

27.3080 

i 

.3 

1.3 

0.11 

0.16 

-0.96 

E 

2 

(14  uv) 

10 

2  p2  - 

201.72 

208.2 

227202 

9 

15 

180 

0.4.3 

3.9 

0.58 

D- 

2 

2/>i2n.'W 

<5  uv) 

305.769 

306.8 

327.351 

5 

7 

ISO 

0.36 

1.8 

0.25 

D- 

Is 

305.656 

113.4 

327277 

3 

3 

140 

0.32 

0  97 

-0.02 

D- 

Is 

305.596 

0.0 

327228 

1 

.3 

100 

0. 1.3 

0.4.3 

-0.37 

I)- 

Is 

305.836 

.306.8 

.327277 

5 

3 

46 

0.064 

0.32 

-0.49 

D- 

Is 

305.703 

11.3.4 

327228 

3 

3 

76 

0.11 

0.32 

-0.49 

D- 

Is 

305.879 

306.8 

327228 

3 

.3 

5.1 

0.0043 

0.022 

-  1.67 

D- 

Is 

1! 

*P  -  <P° 

303.60 

208.2 

220.121 

9 

9 

100 

0.14 

1.3 

0.10 

D- 

2 

(6  uv) 

303.799 

306.8 

329468 

3 

3 

76 

0.11 

0.53 

-0.28 

0- 

Is 

303.515 

11.3.4 

329582 

.3 

3 

26 

9.035 

0.11 

-  0.97 

D- 

Is 

303.643 

306.8 

329582 

3 

.3 

42 

0.0.35 

0.18 

-0.75 

D- 

Is 

303.460 

113.4 

.329643 

3 

1 

100 

0.047 

0.14 

-  0.85 

D- 

Is 

308.621 

113.4 

.329468 

3 

3 

25 

0.059 

0.18 

-0.75 

D- 

Is 

303.411 

0.0 

329582 

1 

.3 

34 

0.14 

0.14 

-  0.85 

D- 

Is 

12 

•D-'I)0 

328.118 

20271 

324734 

3 

3 

61 

0.099 

0.53 

-0.31 

D- 

2 

( 10  uv) 

l.'l 

■D-  'F° 

320.979 

20271 

.3.31820 

3 

i 

190 

0. 41 

2.2 

0.31 

D- 

2 

( 1 1  uv) 

It 

'D-  'Pc 

(302.341 

20271 

3.32777 

3 

3 

6.4 

0.0052 

0.026 

-1.58 

D- 

2 

97 


O  III.  Allowed  Transitions  —  Continued 


N«». 

Transition 

Multiple! 

A(A| 

fill'll!  '1 

Ek lent  ') 

•4», (10" 

U 

Ntat.u.i 

Aeru- 

SiiUH'C 

\rray 

see  ') 

rary 

15 

1C  _  ipo 

(15  uv) 

345.309 

43184 

332777 

1 

3 

98 

05.3 

0.60 

-  0.28 

D- 

2 

16 

2p3$  — 

•ipo  —  3|) 

3762.3 

267505 

294077 

9 

15 

1.07 

0.377 

42.0 

0.53 

/  * 

V  . 

3,  <  a 

2p(2P°)3p 

(2) 

3759.87 

267633 

294222 

5 

•7 

i 

1.07 

0.317 

19.6 

0.2(H) 

<; 

Is 

3754.67 

267376 

294002 

3 

5 

0.80 

0.283 

10.5 

-0.071 

<; 

Is 

3757.21 

267257 

29386.5 

1 

3 

0.59 

0.378 

4.67 

-0.423 

c 

Is 

3791.26 

267633 

294002 

5 

s 

0.260 

0.056 

3.50 

-0.55 

c 

Is 

3774.00 

267376 

29386.5 

3 

.3 

0.440 

0.094 

3.50 

-0.55 

c 

Is 

3810.% 

267633 

29386.5 

5 

3 

0.0284 

0.00371 

0.233 

-  1.73 

C. 

Is 

17 

3po__3S 

3326.6 

26  7505 

•297558 

9 

.3 

1.56 

0.086 

3.5 

-0.110 

c 

3,  cu 

(3) 

3340.74 

26763.3 

297.5.58 

,) 

.3 

0.85 

0.085 

4.70 

-0.369 

c 

Is 

3312.30 

267376 

2975.58 

3 

3 

0.52 

0.086 

2.82 

-  0.59 

c 

Is 

3299.36 

267257 

297558 

1 

3 

0.177 

0.087 

0.91 

-1.063 

c 

Is 

18 

Ipo  _  3p 

1041. 5 

267505 

.3  00174 

9 

9 

2.04 

0.283 

25.5 

0.406 

c 

3.  cu 

(4) 

3047.13 

267633 

300441 

.> 

5 

1.52 

0.211 

10.6 

0.024 

c 

Is 

3035.43 

267376 

"mm; 

3 

3 

0.51 

0.071 

2.12 

-0.67 

c 

Is 

3059.30 

267633 

300310 

5 

3 

0.84 

0.070 

3.54 

--0.454 

c 

Is 

3043.02 

267376 

.300228 

3 

1 

2.03 

9.094 

2.83 

-0.55 

('. 

Is 

3023.45 

267376 
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5 

3 
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c 
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7 
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3 

5 
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0.81 
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5 

15 
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c 
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o 

l 
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Is 
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3 

0.58 
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s 
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1 

3 

0.058 

0,50 
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Is 

5 

s 

u. 
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7 

5 

1.16 
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4.79 
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© 

NS 

4- 

c 
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(t 

17 

2p  Ip  - 

*S  —  ’  1>0 
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1 
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's 

2p(2l*°)5<f 

(29) 

. 

S 

s 

s 

s 

.s 

s 

s 

a 


s 

s 

s 

s 

s 

.s 

s 


101 


Forbidden  Transitions 


The  adopted  values  represent,  as  in  the  ease  >f  (’  l,  the  work  of  Carstang  [lj.  Natjvi  [2|,  and 
'lamanouthi  and  Horie  [3],  who  have  independently  done  essentially  tin  same  Tab  ulations  and 
arrived  at  very  similar  results.  For  the  selection  of  values,  the  same  considerations  as  for  (.  I 
have  been  applied.  (Yamanouchi  and  Hone's  result  for  the  ‘I’j  —  ‘D^  transition  apparently  con¬ 
tains  a  numerical  error  and  is  not  e*  edl. 
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Oil!-  Forbidden  Transitions 


Type  of 

Accu- 

No. 

Transition 

Multiplet 

Ai  At 

/■.’,<  cm  'i 

£i(cni  '1 

A 

Tratisi- 

Ai,A  see  ') 

.Slat. u. I 

i:m  y 

Source 

Array 
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1 

2p2  —  2p2 

*P-aP 

[51.69  X  1041 

113.4 

306.8 

3 

5 

Ill 

9.75  x  10*  ’ 

2.50 

B 

1.  2.  3 

(51.69  X  10*1 

1 13.4 

306.8 

3 

5 

<* 

7.8  x  lO  '2 

0.086 

C 

1 

[32,59  x  10*) 

0 

306.8 

1 

r> 

V 

3.50  x  10  11 

0.383 

C 

1 

[88.16  X  10*[ 

0 

113.4 

1 

3 

Ill 

2.62  x  lO*'’ 

2.00 

B 

1.  2.  3 

2 

■’P  —  ‘D 

|1  ft 

5006,84 

306.8 

20271 

5 

5 

III 

0.0210 

4.88  x  10  * 

C 

1.  2,  3 

5006.84 

306.8 

20271 

5 

.T" 

<* 

!.l  x  10*’ 

.3.8  x  10* 

D 

1 

1958.91 

113.1 

20271 

3 

.’) 

m 

0.0071 

1.61  x  10* 

C 

D 

1,  2 

4958.91 

113.4 

20271 

.3 

5 

C 

6.2  x  10“ 

5.5  X  10  '’ 

1 

mi  .8 

0 

20271 

1 

r> 

<’ 

1.9  x  10  K 

1.7  x  10-* 

I) 

1 

.5 

sp-  >S 

[2331.6] 

306.8 

43183.5 

5 

i 

e 

7.1  x  10  * 

2.9  X  10- 

D 

1 

[2321.11 

113.4 

4318.3.5 

3 

i 

m 

0.2.30 

1.07  x  10-* 

C 

1.  3 

1 

1 L)  —  1 S 

(2  f  1 

136.3.21 

20271 

4.3 1 83. 3 

t* 

J.60 

1.51 

c 

1 

Ground  State 


Is2  Is2  2p  2P?  , 


Ionization  Potential 


77.394  e\  =  6  >4396.5  cm'1 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  |A| 

No. 

W  a vr length  [A| 

N«. 

W  a vr length  A| 

No. 

238.361 

6 

3216.31 

14 

j 

r 

3774.38 

13 

238.573 

6 

3348.08 

9 

3930.63 

17 

238.58 

6 

3349.11 

9 

3942.14 

17 

279.633 

5 

3354.31 

15 

3945.29 

17 

279.937 

5 

3362.63 

15 

1 

3956.82 

17 

553.32.1 

3 

3375.50 

15 

1 

i 

3974.66 

17 

554.07 1 

3 

.3.378.09 

9 

1 

3977.10 

17 

554.51  1 

3 

3381.28 

8 

3995.17 

17 

555.262 

3 

3381.33 

8 

4.568 

21 

608.395 

2 

3385.55 

8 

4652.5 

20 

609.829 

2 

3390.37 

8 

| 

4685.4 

20 

624.617 

4 

33%.  83 

8 

4772.57 

16 

625.130 

4 

3403.58 

12 

4779.09 

16 

625.852 

4 

3405.97 

8 

4783.43 

16 

787.710 

1 

3409.75 

8 

4794.22 

16 

790.103 

i 

341 1.76 

12 

4798.25 

16 

790.203 

1 

3413.71 

12 

4800.77 

16 

2494.8 

10 

3425.57 

8 

4813.07 

16 

2511.4 

10 

3489.84 

11 

4823.93 

16 

3063.46 

7 

3492.2 

11 

5290.1 

18 

3071.66 

7 

3492.24 

11 

5305.3 

18 

3177.80 

14 

3560.42 

19 

5362.4 

18 

3180.72 

14 

3563.36 

19 

5378.3 

18 

3180.98 

14 

3593.1 

19 

3185.72 

14 

3725.81 

13 

3188.17 

14 

3729.03 

13 

3188.65 

14 

3736.78 

13 

.3194.75 

14 

3744.73 

13 

3199.53 

u 

3755.82 

13 

3209.64 

14 

3758.45 

13 

V  alues  for  the  2s22p  —  2s2p2  transitions  are  taken  from  the  calculations  of  Bolotin  and  Yutsis  HI 
who  employ  analytical  one-electron  wave  functions  and  include  configuration  interaction  with  a 
relatively  crude  approximation.  For  these  as  well  as  the  2s2p2  — 2p:t  and  2p  — 3,s  transitions  large 
uncertainties  must  he  expected  because  they  are  very  sensitive  to  the  effects  of  configuration 
interaction. 

for  several  ocher  transitions  Kelly's  self-consistent  field  calculations  [2,  3]  (which  include 
exchange  effects)  are  available.  In  the  case  of  the  highly  excited  lines,  they  agree  within  a  few 
percent  with  the  results  of  the  Coulomb  approximation  and  the  averaged  values  are  adopted. 
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OlV.  Allowed  Transitions 


\... 

1  ran'iii-in 

Multiple! 

A(  At 

A, (cm  0 

A\< cm  'l 

6. 

n  ~ 

1  & 

.4*  ,110” 

I 

/.* 

Nlat.u.  1 

1<«H 

\<  (  u 

Siurcc 

\rra> 

! 

ra<  v 

1 
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2P°-2D 
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(> 

10 
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-  0.0.5 

K 

1 
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1269.36 

4 

6 
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0. 1.3 
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K 
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0.0 
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2 

1 
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0.1.5 

0.77 

-0,5.3 

E 

Is 
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386.5 

1269.50 

4 

1 
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0.014 

0.1.5 

-  1.24 

K 

Is 

2 

Jp°  -  2.S 

609.35 
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161.367 

6 

2 

51 

0.10 

i.2 
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1 

(2  uv) 
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.386.5 

161.367 

1 

2 

.36 
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257.7 

/  809/4 
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E 

1 

(3  uv) 

.5.54.51 1 

.386.5 

18072.5 
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28 
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.5.55.328 
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18072.5 
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-0,59 
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4 

2s2p2  —  2d1 

<P-AS° 

625.4/ 

17/3791 

[2312751 
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6 
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357615 

4 
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0.0 
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2 

2 

43 
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-1.00 

E 
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6 

2p-('S)3d 

2p°_2[) 

238.50 
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4/9544 

6 

10 

.350 
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2.4 

0.18 

D- 

2 
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238.573 

.386.5 
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4 

6 
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0.45 

1.1 

0.26 

D- 

Is 

238.361 

0.0 

4195.34 

2 

1 

.100 

0.50 

0.79 

0.00 

[)- 

Is 

1 238.58J 

386.5 

419.5.84 

4 

4 

59 

0.050 

0.16 

-0.70 

D- 

Is 

7 

35  —  («S)3p 

2^  _  2p° 
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.3.5761.5 
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2 

ft 

1,18 

0.f)2 

12.6 
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C 
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(1) 

3063.46 
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.390248 

2 

1 

4 
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C 

Is 
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2 
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Is 
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12 

20 
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c 
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8 

8 
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> 
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4 

6 
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2 

4 
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6 

6 
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1 
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10 
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(. 
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O  IV.  Allowed  Transitions  —  Continued 
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Forbidden  Transitions 

Naqvi’s  calculation  [1J  ol  the  one  possible  transition  in  the  ground  state  configuration  2 p  is 
the  only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  sensi¬ 
tively  depend  on  the  choice  of  the  interaction  parameters. 
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O  IV.  Forbidden  Transitions 
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1 
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m 

5.18  X  10  4 

j 
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B 

_ _ 

1 
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Ov 


Ground  State  ls22sI,S0 

Ionization  Potential  1 13.873  e\  =918702  cm*1 


Allowed  Transitions 


List  of  tabulated  lines: 


W  avelength  |  A) 

No. 

Wavelength  [A) 

— - 

No. 

Wavelength  [A] 

— 

No. 

172.168 

2 

3230 

18 

5114 

JO 

142.751 

8 

3239 

12 

5343 

21 

142.80 

8 

3245 

18 

5352 

21 

142.800 

8 

3219 

18 

5376 

21 

192.406 

8 

3264 

18 

5417 

21 

192.91 

8 

3275.67 

12 

5432 

21 

192.92 

8 

3298 

18 

5473 

21 

215.034 

6 

3692 

17 

5573 

15 

215.104 

6 

3701 

17 

5582 

15 

215.245 

6 

3703 

17 

5584 

15 

220.352 

9 

3717 

17 

5600 

15 

248.459 

7 

3726 

17 

5606 

15 

629.732 

1 

3747 

17 

5608 

15 

758.677 

3 

3702 

17 

6329 

22 

759.440 

3 

4120 

11 

6767 

20 

760.229 

3 

4121.7 

19 

6790 

20 

760.445 

3 

4123 

11 

6819 

20 

761.131 

3 

4123.90 

11  I 

6830 

20 

762.001 

3 

4135.9 

19 

6878 

20 

774.522 

5 

4151 

11 

6909 

20 

7438 

24 

1371.29 

4 

4158.76 

19 

3058.68 

13 

Q  79 

11 

3144.68 

14 

4211 

11 

3222 

12 

4522 

23 

3222 

18 

4554.28 

,6__j 

Values  tor  the  2s2  —  2s2p  and  2s2p  —  2p2  transition  arrays  are  taken  from  the  self-consistent 
field  calculations  of  Weiss  [1].  These  calculations  do  not  include  the  important  effects  of  con¬ 
figuration  interaction;  hence  large  uncertainties  must  be  expected.  The  average  of  the  dipole 
length  and  velocity  approximations  is  adopted  [1].  Accuracies  within  50  percent  are  indicated 
by  the  following  comparison:  W'eiss  [1]  has  undertaken  refined  calculations,  including  configuration 
interaction,  for  the  same  transitions  in  Bel  — the  first  member  of  this  isoelectronic  sequence  — in 
addition  to  calculations  of  the  type  done  for  this  ion.  In  all  cases  the  agreement  with  the  average 
of  the  dipole  length  and  velocity  approximations  is  close. 

For  the  remaining  low-lying  transitions  Kelly’s  approximate  Hartree-Fock  calculations  [2] 
are  adopted,  while  for  the  moderately  excited  transitions  Kelly’s  values  are  averaged  with  the 
Coulomb  approximation,  with  which  they  agree  quite  well. 
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Is 

20 

3p  _  3p° 

6816.6 

[689798] 

[704459] 

9 

15 

0.075 

0.088 

17.7 

-0.103 

c 

ca 

(12) 

6830 

1689890] 

[701527] 

5 

7 

0.075 

0.073 

8.3 

-0.435 

c 

Is 

6790 

[689700] 

[704424] 

3 

5 

0.057 

0.066 

4.42 

-0.70 

c 

Is 

c.-'cn 

uiui 

[689586] 

[704360] 

1 

3 

0.0430 

0.088 

1.97 

-1.05.3 

c 

Is 

6878 

[689890] 

[704424] 

5 

s 

0.0183 

0.0130 

1.47 

-1.188 

c 

Is 

6819 

[689700] 

[704360] 

3 

3 

0.0313 

0.0218 

1.47 

-1.184 

c 

Is 

6909 

[689890] 

[704360] 

5 

3 

0.00201 

8.6  X  10-4 

0.098 

-2.364 

c 

Is 

21 

3p  _  ;ipo 

5424.6 

[6 89794} 

[708226] 

9 

9 

0.87 

0.384 

62 

0.54 

c 

ca 

(13) 

5173 

[689890] 

[708154] 

5 

5 

0.64 

0.285 

25.7 

0.154 

<: 

is 

5376 

[689700] 

[708296] 

3 

3 

0.223 

0.097 

5.1 

-0.54 

c 

Is 

5432 

[689890] 

1708296] 

5 

3 

0.361 

0.0% 

8.6 

-0.320 

c 

Is 

5352 

[689700] 

[708379] 

3 

1 

1 

0.91 

0.1.30 

6.9 

-0.410 

c 

Is 

5417 

[689700] 

[708154] 

3 

5 

0.218 

0.160 

8.6 

-0.318 

c 

Is 

5343 

[689586] 

[708296] 

1 

3 

0.304 

0.390 

6.9 

-0.409 

c 

Is 

22 

'  D  —  '  F° 

6329 

697170 

7 1 2967 

5 

7 

0.136 

0.114 

11.9 

-0.243 

c 

ca 

(14) 

23 

'  D  —  '  P° 

4522 

697170 

719277 

5 

3 

0.0110 

0.00203 

0  151 

-  1.99 

c 

ca 

(15) 

24 

2s4s  — 

:ig  _  3p° 

7438 

[722666] 

[736 107] 

3 

9 

0.287 

0.715 

52.5 

0.331 

c  4- 

2,  ca 

2s(2S)4p 

(17) 

109 


Forbidden  Transitions 


Naqvi’s  calculations  [1]  are  the  oniy  available  source.  I  lie  results  lor  the1  '1*°—  ‘1*“  transi¬ 
tions  are  essentially  independent  of  the  ehoiee  of  the  interaction  parameters,  for  the  4  —'I 

transitions,  Naqvi  has  used  empirical  term  intervals,  i.e.,  the  effects  of  configuration  inteiartmii 
should  be  partially  included. 


Reference 


[If  Naqvi,  A.  N1-.  Thesis  Harvard  1 1951). 


OV.  Forbidden  Transitions 


No. 

| 

Transition 

Multiple! 

r 

n^f‘. 

* 

F.iem  ‘> 

FiU-nr’l 

1 

gk 

Type  of 

.4  Ail  see  ‘I 

~T~  ~r 

•Siat.u.l  Accuracy  Source 

Array 

L 

.J 

- J 

I  ransition 

i 

- i 

2s2p- 

2slaS)2p 

|  i 

:ipo_3po 

[73.13  x  101! 

1  [82121.21 

1 82257.9| 

•  ’ 

3 

Ill 

1.60  x  10  '■ 

2.00  B  1 

2.50  B  i 

1 

[32.65  x  10»| 

[822.57.9j 

[82564.  Ij 

3 

51 

ni 

3.87  x  10  1 

2 

lp°  _  lp° 

1 1304.21 

|82121.2[ 

1 

1 08798 

l 

3 

in 

0.064 

1 

1.57  x  10  5|  c  1 

[1306.5! 

[82257.9| 

158798 

3 

in 

16.9 

<).LH>t20  ,  c  I 

[  131 1.8| 

[82564. 1  ( 

158798 

.5 

3 

in 

0.078 

1.96  X  10  ■  C  1 

Ovi 


Ground  State 


!  >:-  2,s  -S, , 


Ionization  Potential 


138. OHO  eV=  1113999.3  cm 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  |  4] 

No. 

W  avelength  |.\) 

No. 

"i  7 

W  uvelengtli  |  A[ 

„  ...  4 

No. 

129.786 

1 

n 

1031.95 

1 

.1 

4751 

14 

129.87 

5 

1037.63 

1 

5112 

16 

129.872 

5 

3068 

8 

5279 

18 

150.088 

2 

331 1 

10 

5298 

19 

150.124 

2 

3426 

12 

5410 

17 

172.935 

4 

34.38 

1.3 

5602 

15 

173.082 

1 

.3509 

11 

11714 

7 

1 7.3.09 

1 

3622 

9 

11892 

7 

183.937 

3 

.3811.35 

6 

1 1961 

7 

184.117 

3 

3834.21 

_ ,J - 

6 

,, 

'file  values  taken  from  Weiss’  calculations  |1|  are  estimated  to  he  accurate  to  within  1( Yf  be¬ 
cause  of  the  very  close  agreement  between  his  dipole  length  and  dipole  velocity  approximations. 
The  values  calculated  with  th»*  length  approximation  are  adopted.  The  Coulomb  approximation 
should  be  quite  reliable  for  the  highly  excited  transitions  and  is  given  perferenee  over  Kelly  s 
approximate  Hartree  Fork  calculations  (2 1,  with  which  it  sometimes  disagrees. 


References 
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OVi.  Allowed  Transitions 


TraiiMtiun 

Multiple! 

At  A) 

] 

■  m  ') 

Ain- m  1 1 

■4  kit  10" 

J'k 

■Slat  u.l 

lop  Kt 

A  ecu- 

Source 

Arras 

j  >«•<•  '  l 

racy 

1 

2s  —  2  p 

2^ _ 2p° 

1088.8 

0.0 

907 80 

2 

6 

4.08 

0.196 

1.33 

—  0.407 

A 

1 

(1  uvj 

1031.95 

0.0 

96908 

2 

4 

4.09 

0.131 

0.887 

-0.583 

A 

Is 

1037.63 

0.0 

96375 

2 

2 

4.02 

0.0648 

0.443 

-0.887 

A 

Is 

•> 

2s  —  3 p 

*s — *p° 

150.10 

0.0 

000218 

■1 

1  6 

259 

0.262 

0.259 

-0.281 

B  + 

1 

(2  uvl 

150.088 

0.0 

666270 

2 

4 

259 

0.175 

0.173 

-0.456 

B  + 

Is 

150.124 

0.0 

666113 

2 

2 

259 

0.0874 

0.0864 

-0.757 

B  + 

Is 

3 

2  p  —  3s 

2P°--‘S 

'84.00 

90780 

640040 

6 

2 

170 

0.0287 

0.104 

-0.764 

B  + 

1 

(3  uv) 

184.117 

96908 

640040 

4 

2 

113 

0.0287 

0.093 

-0.939 

B  + 

Is 

183.937 

96375 

640040 

2 

2 

1 

56.7 

0.0287 

0.0347 

-1.241 

B  + 

Is 

4 

2  p  —  3  d 

2P°  —  -D 

178.08 

907 80 

074057 

6 

10 

884 

0.662 

2.26 

0.599 

B  + 

1 

( t  uv) 

173.082 

96908 

674677 

4 

6 

886 

0.597 

1.36 

0.378 

B-f 

Is 

172.935 

96375 

674626 

2 

4 

737 

0.661 

0.753 

0.121 

B  + 

Is 

[173.09] 

96908 

674626 

4 

4 

147 

0.0662 

0.151 

-0.577 

B  + 

Is 

_  1 
-•>  1 

2 p  —  4  d 

2PC-2D 

129.84 

90780 

800898 

6 

10 

2rt7 

0.121 

0.310 

-0.139 

B 

ca 

(5  uv) 

129.872 

96908 

866902 

4 

6 

285 

0.108 

0.105 

-0.364 

B 

Is 

129.786 

96375 

866880 

2 

4 

239 

0.121 

0.103 

-0.618 

B 

Is 

[129.87] 

96908 

866880 

4 

4 

47.6 

00120 

0.0206 

-1.317 

B 

Is 

6 

3s  —  3  p 

2S  —  *P° 

8818.9 

640(440 

000218 

2 

6 

0.510 

0.335 

8.41 

-0.175 

B 

1 

(1) 

3811.35 

640040 

666270 

2 

4 

0.513 

0.224 

5.61 

-0.350 

B 

Is 

3834.24 

640040 

666113 

2 

2 

0.503 

0.111 

2.80 

-0.654 

B 

Is 

7 

3p  —  3d 

2P°-2D 

11847 

000218 

074057 

6 

10 

0.0137 

0.0481 

11.3 

-0.540 

B 

1 

[11892] 

666270 

674677 

4 

6 

0.0136 

0.0433 

6.78 

-0.762 

B 

Is 

[1 174-4] 

666113 

674626 

2 

4 

0.0118 

0.0488 

3.77 

-1.011 

B 

Is 

[11964[ 

666270 

674626 

4 

4 

0.00223 

0.00478 

0.753 

-1.719 

B 

Is 

8 

6s—  7p 

aS-2P° 

3068 

1000080 

1032630 

2 

6 

0.874 

0.370 

7.47 

-0.131 

B 

ra 

(2) 

9 

6  p  —  7s 

2 1  >°— 

3622 

1003130 

1030780 

6 

2 

2.72 

0.178 

(2.7 

0.029 

B 

ca 

(3) 

10 

6 p  —  7r/ 

-po_iD 

3314 

1003130 

1033324 

6 

10 

2.02 

0.554 

36.3 

0.522 

B 

ca 

(4) 

11 

0d—7p 

2[)  _  2 p° 

3509 

1004178 

1032630 

10 

6 

0.860 

0.0952 

11.0 

-0.021 

B 

ca 

(5) 

12 

6d  —  If 

*n— *f° 

3426 

1004178 

[1033382| 

10 

14 

3.34 

0.824 

92.9 

0.916 

B 

ca 

(6) 

13 

6/-  Id 

2F°  —  2D 

3438 

[1004265] 

1033324 

14 

10 

0.337 

0.0426 

6.75 

-0.225 

B 

ca 

(7) 

14 

7  s  —  8p 

2g  _  ?p° 

4751 

1030780 

1051724 

2 

6 

0.423 

0.429 

13.4 

-0.067 

B 

ca 

(10) 

15 

7p  — 8s 

2P°_2S 

5602 

1032630 

[1050543] 

6 

1.38 

0.216 

23.9 

0.113 

B 

ca 

(ll) 


7tt>  (o'  O  -9 


No 

Transition 

Array 

1 

Multiple! 

At  A) 

A',(cm  ') 

f.’ileni  ') 

ft. 

ft* 

_  I 

10" 

sec  ') 

u 

.Statu.) 

l*'g  ft/ 

Accu¬ 

racy 

Source 

16 

Ip  —  Sd 

2PC  —  "D 
(12) 

5112 

1052296 

6 

1 

0.923 

0.603 

60.9 

0.559 

B 

ca 

17 

7d-8p 

2D-2P 

(13> 

5410 

1033324 

1051724 

6 

0.491 

0.129 

23.0 

O.ill 

B 

ca 

7d  — 8/ 

2D  -  sp 
(14) 

5279 

1033324 

10 

1 

14 

1.64 

167 

0.982 

B 

ca 

19 

7/-8d 

*P— 2D 
(15) 

5298 

(1033382] 

10522% 

IT 

10 

0.255 

i - 

0.0766 

18.7 

B 

2 

Ovn 


Ground  State 


Is2  ‘S„ 


Ionization  Potential  739.1 14  eV  =  5%3000  cur1 

Allowed  Transitions 

The  results  of  extensive  non-relativistic  variational  calculations  by  \\  eiss  ( 1 1  are  used.  Values 
have  been  calculated  in  both  the  dipole  length  and  dipole  velocity  approximations  and  agree  to 
v.ithin  1  percent,  except  for  the  3 p  'P°  —  3rf'D  transition  where  agreement  is  not  as  good.  The 
average  of  the  two  approximations  is  adopted  [1]. 

Reference 

(1|  Weiss.  A.  W..  private  communication  (1964). 


O  VII.  A  {lowed  Transitions 


No. 

Transition 

Array 

_  .  -  ,  -1 

Multiple! 

At  A) 

filcm  ‘  I 

Eitvm  ') 

& 

ft* 

TctlPsee  ') 

/* 

_ _ 

l«>g  ft/ 

Accu¬ 

racy 

Source 

1 

Is2  —  lx2p 

is  _  ip 

(21.602] 

0 

4629200 

1 

3 

33000 

0.694 

0.0494 

-0.158 

A 

1 

2 

l.s2  lx3p 

•S-  'P 

( 18.627] 

0 

5368550 

1 

3 

9370 

0.146 

0.(H)897 

-  0.835 

A 

1 

3 

lx2x  —  lx2p 

1 S  — 1 P 

(2475.4] 

(4588814] 

46292(H) 

1 

3 

0.246 

0.0679 

0.553 

-  1.168 

A 

1 

1 

lx2x  —  1x3 p 

'S-  'P 

(128.25] 

(4588814] 

5368550 

1 

3 

504 

0  373 

0.158 

-0.428 

A 

1 

5 

\s'2p  —  1  s.ui 

•p~  'I) 

[135.77] 

4629200 

(5365734] 

3 

5 

1530 

0.705 

0.945 

0.325 

A 

1 

6 

1x3 d-  lx3p 

'I)-'P 

(35500]? 

(5365734] 

5368550 

5 

6.99  x  10  4 

0.00792 

4.62 

-  1.402 

C  + 

1 

7 

1  s  2.s  -  1x2  P 

:'S--'P 

(/630.3] 

4525270 

|  /, 5866/0] 

.3 

9 

0.794 

0.0949 

1.53 

-0.546 

A 

1 

8 

lx2x  --  1x3/) 

•<S  -  4>0 

1120.33] 

4525270 

53563(H) 

3 

9 

533 

0.347 

0.413 

0.018 

A 

1 

0 

1x2/;—  lx3r/ 

;iP-’l) 

|/2ft,/6| 

1/5866/0] 

5365070 

9 

15 

1620 

0.666 

2.54 

0.778 

A 

1 

10 

1x3/;  —  lx.3f/ 

:iP-'I) 

|11399|? 

53563(H) 

536507() 

9 

15 

_ 

0.0113 

0.0367 

12.1 

-0.481 

■  - — 

A 

1 

112 


FLUORINE 


Ground  State 


FI. 


ls22s22/>5  2P°3  2 


Ionization  Potential 


17.418  eV'  =  140524.5  cnr* 


Allowed  Transitions 

List  of  tabulated  lines: 


Vi  avelcngtli  | A] 

1 

'  ‘  " 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

6239.64 

3 

6909.82 

2 

7489.14 

5 

63 48., 70 

3 

6<>66.35 

6 

7514.93 

1 

6413.66 

3 

7037.45 

6 

7552.24 

1 

6708.27 

2 

7127.88 

6 

7573.41 

1 

6773.97 

2 

7202.37 

6 

7607.17 

4 

6795.52 

2 

7311.02 

5 

7754.70 

4 

6834.26 

O 

t. 

7331.95 

i 

7800.22 

4 

6856.02 

2 

7398.68 

i 

6870.22 

2 

742564 

i 

6902.46 

2 

7482.72 

i 

Since  there  are  no  numerical  data  available  for  this  spectrum,  values  for  the  prominent  lines 
have  been  calculated  from  the  Coulomb  approximation  by  Bates  and  Damgaard.  This  method  is 
expected  to  give  fairly  reliable  results  as  judged  from  other  atomic  systems  of  simitar  complexity 
where  comparison  data  have  been  available. 


Fl.  Allowed  Transitions 


‘ 

No. 

1  ransitinn 
Array 

Multi¬ 

ple! 

\t  A) 

6.1  cm  •) 

E-tcm  0 

<e. 

A 

.4*4 10" 

sec  M 

h 

Siat.u.) 

log  gf 

Accu¬ 

racy 

Source 

i 

2/- Ms- 

I|>  _  4 

7499.1 

m2  .in 

//59/S 

12 

12 

0.35 

0.29 

86 

0.54 

i) 

ra 

2/>'i:,l’l3/» 

(1) 

7398.68 

102407 

115919 

6 

6 

0.25 

0.21 

30 

0.09 

D 

la 

7482.72 

102681 

1 16042 

4 

4 

0.047 

0.039 

3.9 

-  0.81 

b 

Is 

7511.93 

102841 

116144 

2 

•> 

0  058 

0.049 

2.4 

-1.01 

i) 

Is 

7331.95 

102407 

116042 

6 

4 

0.17 

0.089 

13 

-0.27 

i) 

Is 

7425.64 

102681 

116144 

4 

•> 

0.30 

0.12 

12 

-0.31 

i) 

Is 

7552.24 

102681 

115919 

4 

6 

0.10 

0.13 

1.3 

-0.28 

n. 

Is 

7573,41 

102841 

116042 

2 

4 

0.14 

0.24 

12 

-0.31 

i) 

Is 

2 

M*  -  M)° 

6859.2 

lOJ.iil 

11714  6 

12 

20 

0,45 

0.53 

140 

0.80 

I) 

C(t 

(2) 

6856.02 

102407 

1 16988 

6 

8 

0.45 

0.42 

57 

0.40 

I) 

Is 

6902.46 

102681 

117165 

4 

(> 

0.31 

0.33 

35 

0.12 

I) 

Is 

6909.82 

102841 

1 1 7309 

2 

4 

0.18 

0.26 

12 

-  0.28 

I) 

Is 

6773.97 

102  407 

117165 

6 

6 

0.14 

0.095 

13 

-  0.24 

l) 

Is 

6834.26 

102681 

I 1 7309 

4 

4 

0.24 

0.17 

15 

—  0.17 

I) 

Is 

6870.22 

>02841 

117393 

2 

•) 

0.38 

0.27 

12 

-  0.27 

1) 

Is 

6708.27 

102407 

1 1 7309 

6 

4 

0.024 

0.011 

1,4 

-  1.19 

I) 

Is 

6795.52 

102681 

1 1 7393 

4 

2 

0.077 

0.027 

2,4 

-  0.97 

I) 

Is 

113 


Forbidden  Transitions 


The  adopted  values  represent  the  results  of  calculations  by  Garstang  [Ij  and  Naqvi  [2],  v. ..  oh 
are  very  similar  in  character.  Garstang's  evaluation  of  the  quadrupole  integral  sq  is  considered 
the  more  refined  one;  therefore,  the  quadrupole  line  strengths  are  taken  from  his  paper.  Naqvi, 
in  his  calculations  of  magnetic  dipole  lines,  retains  the  spin-spin  and  spin-other-orbit  integral  in 
the  transformation  coefficients,  "A'hile  Garstang  neglects  it.  Thus,  Naqvi’s  values  are  chosen, 
whenever  ,l.?s  becomes  significant.  When  this  refinement  is  not  sensitive,  the  two  authors  agree. 
For  the  3P-  ‘S  transition  the  important  effects  of  configuration  interaction  are  most  appropriately 
taken  into  account  by  Garstang’s  method,  so  that  his  values  are  used.  (Further  explanations  ire 
found  in  the  genera!  introduction.) 
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F  it.  Forbidden  Transitions 


No.! 

Transition 

Multi- 

a(A) 

Eilcm  ') 

£*(cm  ') 

f-'i 

Pk 

Tvpe  of 

.4*, (sec  ') 

S(at.u.) 

Accu- 

Source 

Array 

plet 

Transition 

racy 

1 

a. 

•M 

1 

CS| 

3p _ 3p 

[29.25  x  1041 

0.0 

341.8 

5 

3 

m 

8.97  x  10  4 

2.50 

B 

1.2 

[29.25  x  104] 

0.0 

341.8 

5 

3 

e 

2.30  X  10- 10 

0.88 

C 

1 

1 

[20.38  X  101! 

0.0 

490.6 

5 

1 

e 

1.80X  10  9 

0.376 

C 

1 

[67.19  x  104| 

341.8 

490.6 

3 

1 

m 

1.78  x  10  4 

2.00 

B 

1.2 

2 

3P->D 

(1  F) 

4789.5 

0.0 

20873 

u 

1  . 

> 

m 

3.81 

7.8  X  iO  4 

C 

2 

4789.5 

0.0 

20873 

5 

5 

e 

9.6  x  10* 

7.2  x  10  4 

D 

1 

4869.3 

341.8 

20873 

3 

5 

m 

0.0121 

2.59x10  4 

C 

2 

4869.3 

341.8 

20873 

3 

5 

e 

1.3  X  10-5 

1.1  X  10  4 

D 

1 

[490-1.8| 

490.6 

20873 

1 

5 

e 

1.1  x  10  « 

3.5  X10-5 

D 

1 

5 

*P-'S 

[2225.5| 

0.0 

44919 

5 

1 

e 

0.0016 

5.2  x  10  5 

D 

1 

[2246.6| 

341.8 

44919 

3 

1 

m 

0.490 

2.06  x  10  4 

C 

1 

4 

■D-'S 

(2  F) 

4157.5 

20873 

41919 

5 

1 

e 

2.10 

1.55 

C 

1 

Ground  State 
Ionization  Potential 


F  III. 


ls22s22/i3  -*SS/.> 
62.646  eV»  505410  cm-1 


Allowed  Transitions 

After  having  written  introductory  remarks  for  9.2  elements.,  we  must  confess  that  this  becomes 
a  rather  cumbersome  exercise  in  style.  Since  we  expect  that  this  introduction  will  share  the  fate 
of  most  introductions  (namely  be  ignored)  and  since  there  is  nothing  new  to  say  on  this  ion  'for 
scientific  content  see  F  1)  we  might  as  well  give  the  few  readers  of  this  introduction  some  good 
advice: 

If  there  is  no  other  data  source. 

Use  the  Coulomb  approximation,  of  course. 

The  results  should  be  certainly  fine 
For  any  moderately  or  highly  excited  line. 
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P  llowed  Transitions  —  Continued 


Forbidden  Transitions 

Naqvi’s  calculation  [1]  of  the  one  possible  transition  in  the  ground  state  configurate  i  2/>r’  is 
the  only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  s<  silively 
depend  on  the  choice  of  the  interaction  parameters. 


Reference 


[1|  Naqvi,  A.  M..  Thesis  Harvard  (1951). 


F  I.  Forbidden  Transitions 


Transition 

Multiple! 

Al  A) 

_  - — 

/■-Vein  M 

AYh'm  1 1 

n 

Type  of 

A  'sec  ') 

*S(at.  ii.) 

Accu- 

Source 

Array 

Transition 

racy 

2 /;•’  —  2/r’ 

S|>o  „  2||o 

|24.75 x  !()'| 

0.0 

tot.o 

4 

2 

111 

0  00!  18 

i.;w 

H 

1 
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F  II. 


('•round  State  I.s22s22//*  r,P 

Ionization  Potential  34.98  eV  -  282190.2  cm"1 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  [A| 

No. 

Wavelength  [Aj 

No. 

W  avelength  [A] 

No. 

605.67 

1 

3535.2 

5 

4103.09 

9 

606.27 

1 

.35.36.84 

5 

4103.3 

9 

606.81 

1 

.35.38.6 

5 

4103.53 

9 

606.95 

1 

3541.77 

5 

607.48 

1 

4103.72 

9 

3544.5 

5 

4103.87 

9 

608.06 

1 

3546.1 

4l04.1 

9 

3202.74 

*7 

3640.89 

4109.17 

4 

3501.42 

8 

3640.9 

4112.7 

4 

3501.5 

8 

3641.99 

3501.6 

8 

4113.1 

4 

3642.80 

4116.55 

4 

3502.9 

8 

3847.09 

2 

4117.1 

4 

3502.95 

8 

3849.99 

2 

4118.8 

4 

3503. 10 

8 

3851.67 

2 

4119.22 

4 

3505.4 

8 

4024.73 

3 

3505.6 

8 

4246.16 

11 

4025.01 

3 

4299.18 

6 

3505.61 

8 

4025.50 

3 

4446.9 

12 

For  one  of  the  strongest  ultraviolet  transitions  a  value  calculated  by  Varsavsky  (1]  from  a 
screening  approximation  is  available  and  listed.  Because  the  strong  effects  of  configuration  inter¬ 
action  have  been  neglected,  this  number  should  be  quite  uncertain.  (In  general,  Varsavsky’s 
values  have  a  tendency  to  be  too  large.)  Values  obtained  with  the  Coulomb  approximation  are 
presented  for  all  prominent  transitions  in  the  visible  and  near  ultraviolet.  The  indicated  accu¬ 
racies  are  estimated  from  extrapolation  with  equivalent  transitions  of  O  l,  for  which  experimental 
and  theoretical  comparison  data  are  available. 

Reference 

(I]  Varsavsky.  (’..  M.,  Astrophys.  J.  Suppl.  Ser.  6.  75-108  (19611. 
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FlI.  Allowed  Transitions  —  Continued 


No. 

Transition 

Array 

Multi¬ 

ple! 

wA) 

i’llcm'1) 

£ 

K 

ft 

u 

.S'Ut.u.) 

1«-H  Kf 

Accu¬ 

racy 

Source 

3 

ago _ sp 

4025.0 

182865 

207703 

3 

9 

— 

1.2 

0.90 

36 

0.43 

i) 

ra 

(2) 

4024.73 

182865 

207705 

3 

3 

1.2 

0.50 

20 

D 

Is 

4025.50 

182865 

207700 

3 

3 

1.2 

0.30 

12 

-  9.04 

I) 

Is 

4025.01 

182865 

207703 

3 

1 

1.2 

0.10 

4.0 

-0.52 

I) 

Is 

4 

2p33  s'- 

3D°  —  3D 

4115.7 

211881 

256185 

15 

15 

18 

0.  *5 

92 

0.83 

I) 

ra 

2p3<JD°)3  p' 

15) 

4109.17 

211867 

236196 

7 

1 

'.6 

0.40 

38 

0.45 

D 

Is 

4116.55 

211888 

236173 

5 

5 

1.2 

0.32 

2! 

0.29 

I) 

Is 

4119.22 

211901 

236170 

3 

3 

1.3 

0.34 

14 

0.01 

I) 

Is 

(4113.11 

211867 

236173 

7 

5 

0.28 

0.050 

4.8 

-  0. 45 

1) 

Is 

(4117.11 

211888 

236170 

5 

3 

0.45 

0.068 

4.6 

-0.47 

1) 

Is 

[4112.7] 

211888 

236196 

5 

7 

0.20 

0.071 

4.8 

-  0.45 

D 

Is 

[4118.81 

211901 

236173 

3 

3 

0.27 

0.11 

4.6 

-  0.47 

I) 

is 

5 

3D3  — 3P 

.1559.8 

211881 

240125 

15 

9 

2.1 

0.23 

40 

0.54 

1) 

ra 

(6) 

3541.77 

211867 

240093 

i 

5 

1.7 

0.23 

19 

0.21 

1) 

Is 

3536.84 

211888 

240153 

5 

3 

1.5 

0.17 

10 

-0.06 

I) 

Is 

I3535.2| 

211901 

240180 

3 

1 

2.1 

0.13 

4.5 

-  0.42 

D 

Is 

[3544.5! 

211888 

240093 

5 

r> 

0.31 

0.058 

3.4 

-  0.54 

D 

Is 

[3538.61 

211901 

240153 

3 

3 

0.51 

0.096 

3.4 

-0.54 

I) 

Is 

(3546.11 

211901 

240093 

3 

5 

0.021 

0.0061 

0.23 

-  1  71 

D 

Is 

6 

!D°  —  ‘F 

4299.18 

215070 

238324 

5 

7 

1.7 

0.64 

45 

0.51 

D 

ra 

(7) 

7 

■DC-'D 

3202.74 

215070 

246284 

5 

5 

1.4 

0.21 

11 

0.02 

I) 

ca 

(8) 

8 

2/>’3p  - 

5P  — 5D° 

1504.0 

[202628] 

[ 251159 1 

15 

25 

2.86 

0.88 

152 

1.120 

C 

ra 

2p3(4S°)3</ 

(3) 

3505.61 

(202641| 

[2311581 

7 

9 

2.86 

0.68 

55 

0.68 

C 

Is 

3503.10 

[202621] 

[231159] 

5 

7 

1.91 

0.491 

28.3 

0.390 

c 

Is 

[3501.6] 

[2026101 

[231160] 

3 

3 

1.00 

0.307 

10.6 

-  0.036 

c 

Is 

[3505.61 

[202641] 

[231159] 

7 

< 

0.95 

0.175 

14.2 

0.089 

c 

Is 

3502.95 

[202621] 

[231160] 

5 

3 

1.67 

0.307 

17.7 

0.186 

c 

Is 

[3501.5] 

[202610] 

[231161] 

3 

3 

2.15 

0.395 

13.7 

0.074 

c 

Is 

[3505.4] 

[20261 1  j 

1231160] 

7 

3 

0.190 

0.0251 

2.02 

-0.76 

c 

Is 

[3502.9] 

[202621 | 

[231161] 

5 

3 

0.72 

0.079 

4.55 

-0.40-4 

c 

Is 

3501.42 

I202610| 

[2311611 

3 

2.86 

0.175 

6.1 

-0.279 

c 

Is 

9 

3p  _..  3J)° 

4105.4 

207705 

25201  , 

/ 

15 

2.05 

0.86 

105 

0.89 

c 

ra 

(4) 

4103.53 

207705 

23‘7067 

5 

7 

2.05 

0.72 

48.8 

0.56 

c 

Is 

4103.09 

207700 

252065 

3 

3 

1.54 

0.65 

26.2 

0.287 

c 

Is 

4103.72 

207703 

232064 

1 

3 

1.14 

0.86 

11.6 

-0.065 

c 

Is 

4103.87 

207705 

232065 

5 

3 

0.51 

0.129 

8.7 

-0.190 

c 

Is 

14103.3] 

207700 

232064 

3 

3 

0.85 

0.215 

8.7 

-0.190 

c 

Is 

[4104.1] 

207705 

232064 

5 

3 

0.057 

0.0086 

0.58 

- 1 .366 

c 

Is 

10 

V  3//- 

3p  _  apo 

5611.7 

257509 

264961 

21 

21 

0.147 

0.0292 

7.3 

-0.213 

c- 

ra 

2/)3(2D°)3f/' 

(in 

3640.89 

237508 

264966 

9 

9 

0.137 

0.0273 

2.95 

-0.61 

c- 

Is 

3641.99 

237509 

261959 

7 

7 

0.123 

0.0245 

2.06 

-0.77 

c  — 

Is 

5642.80 

237509 

2i>4953 

5 

3 

0.130 

0.0259 

1.55 

-  0.89 

c- 

Is 

3641.99 

237508 

264959 

9 

7 

0.0118 

0.00182 

0.197 

-  1.79 

c- 

Is 

3642.80 

237509 

264953 

7 

3 

0.0163 

0.00231 

9.194 

-  1.79 

c- 

Is 

13640.9] 

237509 

264966 

7 

9 

0.0092 

0.00234 

0.196 

-1.79 

c- 

Is 

3641.99 

237509 

264959 

5 

7 

0.0116 

0.00324 

0.194 

-  1.79 

c- 

Is 

11 

2 /J33r/  — 

*D°  —  5F 

4246.16 

[251159] 

[254703] 

25 

25 

2.47 

0.93 

326 

1.368 

c 

ra 

2pH*S°W 

19) 

12 

•'Dc  —  *F 

4146.9 

252066 

254547 

15 

21 

2.35 

0.97 

214 

1.165 

c 

ra 

(10) 
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Forbidden  Transitions 


The  adopted  values  represent  the  results  of  calculations  by  Garstang  [1|  and  Naqvi  [2],  v..  oh 
are  very  similar  in  character.  Garstung’s  evaluation  of  the  quadrupole  integral  s,  is  considered 
the  more  refined  one:  therefore,  the  quadrupole  line  strengths  are  taken  from  his  paper.  Naqvi, 
in  his  calculations  of  magnetic  dipole  lines,  retains  the  spin-spin  and  spin-other-orbit  integral  in 
the  transformation  coefficients,  while  Garstang  neglects  it.  Thus,  Naqvi’s  values  are  chosen, 
whenever  des  becomes  significant.  When  this  refinement  is  not  sensitive,  the  two  authors  agree. 
For  the  3P-  ‘S  transition  the  important  effects  of  configuration  interaction  are  most  appropriately 
taken  into  account  by  Garstang’s  method,  so  that  his  values  are  used.  (Further  explanations  ire 
found  in  the  genera!  introduction.) 


References 


[  1 )  (tare.lang,  K.  H.,  Monthly  Notices  Koy.  Astron.  Soc.  11 1 , 1 15-124  ( 1951). 
[2j  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 


F  li.  Forbidden  Transitions 


No.! 

Transition 

Multi 

A<  A) 

E,(ent  ') 

£*< cm 

fi 

fa. 

Tvpe  of 

.dtdsec'1) 

S(at.u.) 

Accu- 

Source 

Array 

plet 

Transition 

racy 

1 

2/>4-2  p* 

3p_3p 

[29.25  x  104| 

0.0 

341.8 

5 

3 

m 

8.97  x  10  4 

2.50 

B 

1.2 

129.25  X  104j 

0.0 

341.8 

5 

3 

e 

2.30  X  10- 10 

0.88 

C 

1 

I 

|20.38  X  10*] 

0.0 

490.6 

5 

1 

e 

1.80x10-9 

0.376 

C 

1 

(67.19  x  104] 

341.8 

490.6 

3 

1 

m 

1.78  x  10-4 

2.00 

B 

1.2 

2 

3P-  'D 

(1  F) 

4789.5 

0.0 

20873 

r 

5 

m 

3.81 

7.8  X  i0-4 

C 

2 

4789.5 

0.0 

20873 

5 

5 

e 

9.6  X  lO  5 

7.2  x  lO  4 

D 

1 

4869.3 

341. £ 

20873 

3 

5 

m 

0.0121 

2.59  x  lO  4 

C 

2 

4869.3 

341.8 

20873 

3 

5 

f1 

1.3X10  5 

1.1  X10-4 

D 

1 

[4904.81 

490  6 

20873 

1 

5 

e 

1.1  X  10  * 

3.5  x  10- 5 

D 

1 

3 

3P  —  *s 

(2225.51 

0.0 

44919 

5 

1 

e 

0.0016 

5.2  x  10  5 

D 

1 

(2246.6) 

341.8 

44919 

3 

1 

m 

0.490 

2.06  x  10  4 

C 

1 

4 

■D-'S 

(2  F) 

4157.5 

20873 

44919 

5 

1 

e 

2.10 

1.55 

C 

1 

Ground  State 
Ionization  Potential 


F  III. 


1  s22s22p3  4SS/., 
62.646  eV  =  505410  cm  ' 


Allowed  Transitions 

After  having  written  introductory  remarks  for  9.2  elements.,  we  must  confess  that  this  becomes 
a  rather  cumbersome  exercise  in  style.  Since  we  expect  that  this  introduction  will  share  the  fate 
of  most  introductions  (namely  be  ignored)  and  since  there  is  nothing  new  to  say  on  this  ion  'for 
scientific  content  see  f  1)  we  might  as  well  give  the  few  readers  of  this  introduction  some  good 
advice: 

If  there  is  no  other  data  source. 

Use  the  Coulomb  approximation,  of  course. 

The  results  should  be  certainly  fine 
For  any  moderately  or  highly  excited  line. 
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F  III.  Allow**'!  T  Vansitinns 


No. 

Transition 

Array 

Multi- 

plet 

i 

At  A) 

l.’ilcm  n 

A\frm  ’)  ; 

1 

e, 

Till  10“ 
see  ') 

J'k 

.Siiii.u.; 

big  Kl 

■\ccu- 
raci  j 

Source 

1 

2/r.ls  - 

4P-4D° 

HI  24. 4 

3/76/3 

:woM ) 

12 

20 

1.6 

0.40 

0.67 

1) 

ra 

2/WPttp 

(1) 

\ 

3121.52 

317238 

34**264 

6 

8 

1  6 

0.31 

19 

0.27 

1) 

Is 

.3115.67 

3169i 9 

349005 

4 

6 

1.1 

0.25 

10 

-0.01 

I> 

Is 

31 13.58 

316707 

3488 t 5 

2 

4 

0.67 

0.19 

4.0 

-  0. 11 

I) 

Is 

3146.% 

3172.38 

540005 

6 

6 

0.47 

0.070 

4.3 

-  0.38 

1) 

Is 

3134  21 

316919 

348815 

4 

4 

0.8t 

0.12 

5.1 

-  0.3.) 

1) 

Is 

3124.76 

316707 

348701 

2 

0 

1.3 

0.19 

1.0 

-0.41 

1) 

Is 

3165.86 

317238 

348815 

6 

l 

0.077 

0.0077 

0.48 

-  l..vl 

D 

Is 

3145.54 

.316)19 

348701 

4 

2 

0.26 

0.019 

0.80 

-  1.11 

0 

Is 

2 

3/76.6 

32/7/6 

376 214 

6 

10 

1.7 

0.42 

26 

0.40 

L) 

ra 

(2) 

3174.13 

32 1-874 

356370 

4 

6 

1.7 

0.38 

16 

0.18 

1) 

Is 

3174.73 

324490 

355980 

2 

4 

1.4 

0.42 

8.7 

-0.08 

1) 

Is 

3213.07 

324874 

355980 

i 

4 

0.27 

0.041 

1.8 

-0.78 

1) 

Is 

3 

2  !>%>'- 

2D°  —  -F 

mw.:: 

.186265 

4/3/58 

10 

i*. 

2.75 

0.53 

53 

0.73 

c 

ra 

2/rt  ’I) |3(/’ 

(3) 

3039.25 

380243 

4 131.36 

6 

8 

2.75 

0.51 

30.4 

0. 183 

<: 

Is 

3039.75 

380299 

413187 

4 

6 

2.56 

0.53 

21.3 

0.329 

c 

Is 

3034.54 

380243 

913187 

6 

6 

0.18-* 

0.0254 

1.52 

-  0.82 

c 

Is 

4 

o 

1 

c 

3/56.6 

3 84440 

4/6/7/ 

6 

10 

1.39 

0.341 

21.4 

>.315 

<; 

ra 

(4) 

3154.39 

38448.5 

416178 

4 

6 

1.38 

0.30*) 

12.9 

0.093 

t. 

Is 

3142.78 

384351 

416161 

2 

4 

1.16 

0.344 

7.1 

-0,162 

c 

Is 

L 

3156.1 1 

38448.5 

416161 

4 

4 

1 _ i 

0.230 

. - - - - - 

0.034* 

1.43 

-0.86 

c 

1 _ _ 

Is 

Forbidden  Transitions 

Naqvi's  [  1  ]  calculations  arc  the  only  available  source.  Tbp  values  should  not  he  quite  as 
reliable  as  lor  other  ions  of  the  //*  confirmation  i()  It.  NY  IV)  since  the  inqioiiuni  configuration 
interaction  effects  (see  general  introduction!  are  iicjiIm  led. 

Reference 


[!|  Naqvi,  A.  M..  Thesis  1  iar v.  of  ( 1 05 1 ). 


F  III.  Forbidden  Transitions 


No. 

Transition 

Multi- 

At  A I 

H, u  ni  ’> 

/•-'Jem  ') 

A'. 

A'i 

Type  ol 

Tiilsee  >) 

.Si  at.  it.) 

Accn- 

Source 

Array 

plot 

Transition 

racy 

1 

2/e*  —  2/e'* 

4S°--|)° 

12933.1! 

0 

34084 

. 

1 

6 

in 

1.08  X  10  * 

6.1  X  10  K 

c- 

1 

|2933.1| 

0 

34084 

1 

6 

r 

1.2  X  10  4 

9.3  x  It)  •> 

D- 

1 

j  2930.0  j 

0 

34120 

4 

4 

m 

0.00131 

4.98  x  It)  l! 

C- 

1 

1 2930.0  j 

0 

;ui2o 

4 

4 

V 

7.5  X  10  5 

3.8  x  10’ 

D- 

1 

2 

dS°  —  2|*° 

1 1939.6| 

0 

51558 

4 

4 

in 

0.256 

2.77  x  It)  * 

t :  — 

1 

|1939.6| 

0 

51558 

4 

4 

t 

2.7  x  10  " 

1.8  x  10  * 

D- 

1 

1 1939.61 

0 

51558 

4 

2 

m 

0.102 

5.5  x  It)  - 

(,- 

1 

(1939.6! 

0 

51558 

4 

2 

c 

7.4  x  10  * 

2.4  x  It)  " 

n  - 

1 

3 

-1)°--I)° 

(27.8  x  1(8) 

34084 

34120 

6 

4 

m 

7.55  x  10  * 

2.40 

B 

1 

127.8  x  lO'j 

34084 

34120 

6 

4 

c 

1.8  x  10  >" 

7.2  x  10  4 

D- 

i 
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Fill.  Forbidden  Transitions  —  Continued 


1  ransit  ion 
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5 1 558 

4 

2 

e 

0.15 

0.06 

D 

— 

1 

Fiv. 

Ground  State  l.v"2.v>2/r  ‘Pu 

Ionization  Potential  87.14  eV  =  703020  cm  ' 


Allowed  Transitions 


I  lie  results  of  calculations  bv  Bolotin  ct  a!.  |lj  are  listed.  These  authors  have  employed 
relatively  simple  wave  functions  and  include  the  important  efT'-ets  of  configuration  interaction  in 
a  crude  manner.  I  hus,  their  results  should  be  quite  uncertain,  but  they  ?.re  nevertheless  included 
since  these  transitions  are  expected  to  he  among  the  strongest  for  this  ion. 
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F  IV.  Allowed  Transitions 
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Forbidden  Transitions 


The  adopted  values  represent  the  results  of  calculations  by  Garstang  [1)  and  Naqvi  |2|  which 
are  very  similar  in  character.  Garstang’ s  evaluation  of  the  (juadrupole  integral  s,t  is  considered 
the  more  refined  one;  therefore,  the  quadrupolc  line  strengths  an*  taken  from  his  paper.  The 
results  for  the  magnetic  dipole  lines  agree,  except  for  the  3P—  *S  transition.  For  this  line,  the 
important  effects  of  configuration  interaction  are  more  appropriately  taken  into  account  by  Gar 
stang’s  approach  of  using  the  experimental  term  intervals,  so  that  his  values  are  used,  (further 
explanations  are  found  in  the  general  introduction.) 
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F  IV.  Forbidden  Transitions 
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I 

Ground  State 


Fv. 


l.s"2.s'22/r  2P 


0 

12 


Ionization  Potential 


114.214  eV  =  '121450  cm  1 


Allowed  Transitions 

The  two  available  sources  are  quantum  mechanical  calculations  by  Bolotin  and  Yutsis  (1) 
and  Naqvi  and  V  ictor  [2].  The  important  transitions  covered  by  Bolotin  and  Yutsis  are  very  sensi¬ 
tive  to  the  effects  of  configuration  interaction,  which  are  only  approximately  included  in  their 
calculations.  For  the  result  of  Naqvi  and  Victor,  obtained  from  the  charge  expansion  method,  an 
accuracy  within  25 'percent  is  indicated  from  comparisons  of  this  work  with  other  material  for 
equivalent  transitions  within  tins  isoclectronic  sequence. 
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F  v.  Allowed  Transitions 
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Forbidden  Transitions 

Naqvi's  calculation  |1]  of  the  tine  possible  transition  in  the  ground  state  configuration  2/>  is 
the  only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  sensi¬ 
tively  depend  on  the  choice  of  the  interaction  parameters. 
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F  V.  Forbidden  Transitions 
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Ionization  Potential 


i 


157.117  e\  —  1267581  cm 


Allowed  Transitions 

The  results  of  the  charge  expansion  calculations  by  Naqvi  and  \  ictor  [1]  are  utilized  whenever 
comparison  of  this  work  with  other  data  in  the  isoelectronic  sequence  indicates  a  t air  reliability 
of  this  material.  Values  for  the  2s2p—2p2  transition  array  are  available  from  the  self-consistent 
field  calculations  by  Weiss  [2].  These  calculations  do  not  include  the  important  effects  of  eon- 
figuration  interaction;  hence,  tairly  large  uncertainties  must  be  expected.  Hie  average  ol  the 
dipole  length  and  velocity  approximations  [2]  is  adopted  and  accuracies  within  50  percent  are 
indicated  from  comparisons  possible  for  the  first  member  of  this  isoelectronic  sequence. 
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Fvi.  Allowed  Transitions 
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Forbidden  Transitions 

Naqvi's  calculations  [1|  are  the  only  available  source.  The  results  for  the  :,P°—!PC  transitions 
are  essentially  independent  of  the  choice  of  th?  interaction  parameters.  For  the  3P°  —  'P°  tran¬ 
sitions.  Naqvi  uses  empirical  term  intervals,  i.e..  the  effects  of  configuration  interaction  should 
be  partially  included. 


[  1 1  Naqvi,  A.  M.,  Thesis  Harvard  (1951). 
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F  vi .  Forbidden  Transitions 
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Cround  State 


F  vii. 


1s22s2Sk2 


Ionization  Potential 


185.139  eV=  1493656  cm~' 


Allowed  Transitions 


List  of  tabulated  lines: 


W  a ve length  [A] 

No. 

Wavelength  [A] 

No. 

Wavelength  [A] 

No. 

86.732 

3 

127.81 

5 

890.762 

1 

97.262 

6 

134.71 

4 

97.354 

6 

134.88 

4 

3246.6 

t 

112.94 

2 

3276.6 

7 

112.98 

2 

335.17 
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7958.9 

11 

391.73 

10 

9524.8 

9 

127.65 

5 

392.16 

10 

9702.3 

9 

127.80 

5 

883.097 

1 

9787.8 

9 

For  F  VI!,  an  ion  of  the  Lithium  sequence,  theoretical  data  from  the  self-consistent  field  calcu¬ 
lations  hy  Weiss  [1]  and  the  variational  calculations  by  Flannery  and  Stewart  [2],  both  done  in  the 
dipole  length  and  velocity  approximations,  as  well  as  an  experimental  result  from  the  lifetime 
measurement  of  Berkner  et  a!.  [3j,  are  available.  The  agreement  for  the  2s  — 2p  transition,  which 
is  covered  by  all  three  methods,  is  within  an  impressive  10  percent.  Errors  smaller  than  25  percent 
are  estimated  from  the  close  agreement  between  the  dipole  length  and  velocity  approximations. 
The  dipole  length  values  are  chosen. 
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112263 

854625 

2 

2 

88.3 

0.0240 

0.0213 

-  1.319 

c  + 

Is 

5 

2/i—  3(/ 

2P°-2D 

127.75 

1 12913 

895686 

6 

10 

1630 

0.666 

1.68 

0.602 

B 

1 

[127.80] 

113238 

895722 

4 

6 

1630 

0.600 

1.01 

0.380 

B 

Is 

[127.681 

112263 

895632 

2 

4 

1360 

0.666 

0.560 

0.125 

B 

Is 

[127.811 

1 13238 

895632 

4 

4 

272 

0.0665 

0.112 

—  0.5  75 

B 

Is 

6 

2/>  —  4s 

2p°_2§ 

9  7.323 

112913 

1140416 

6 

2 

99 

9.00468 

0.0090 

-1.55 

C 

2 

|97.354| 

113238 

1140416 

4 

2 

66 

9.00468 

0.0060 

-  1.73 

C 

Is 

[97.262] 

1 ‘ 2263 

1140416 

2 

2 

33.0 

0.00468 

0.00300 

-2.028 

c: 

Is 

7 

3  s~3/> 

*S_*P 

3256.5 

854625 

885324 

2 

6 

0.604 

0.288 

6.18 

-0.239 

B  + 

1.  2 

|3246.6| 

854625 

885418 

2 

4 

0.610 

1  ■  i9i 

4.12 

-0.414 

B  + 

Is 

[3276.61 

854625 

885136 

2 

2 

0.593 

9.0955 

2.06 

-0.719 

B  + 

Is 

8 

3s-4p 

*S-*P 

|335.17[ 

854625 

1152977 

2 

6 

63.7 

0.322 

0.710 

-0.192 

B 

2 

9 

3/r-3r/ 

2P°— 2D 

96 48.0 

885324 

895686 

6 

10 

0.0186 

0.0432 

8.23 

-0.587 

B 

1 

|9702.3 1 

885418 

895722 

4 

6 

0.0183 

0.0387 

4.94 

-0.811 

B 

Is 

|9524.8] 

885136 

895632 

2 

4 

0.0161 

0.0437 

2.74 

-  1.059 

B 

Is 

|9787.8| 

885418 

895632 

4 

4 

0.00297 

0. 00126 

0.549 

-  1.769 

B 

Is 

10 

3/r  4s 

-P°_-S 

39 2.02 

885324 

1140416 

6 

2 

58.3 

0.(4448 

0.347 

-0.57! 

B 

2 

[392.161 

885418 

1140416 

4 

2 

38.8 

0.(4447 

0.231 

-0.747 

B 

Is 

[391.73| 

885136 

1140416 

2 

2 

19.5 

0.0450 

0.116 

-  1.(446 

B 

Is 

11 

4s  —4/i 

,s_2p5 

1 - 

[  7958.9  [ 

1140416 

1152977 

2 

6 

0.140 

0.399 

20.9 

-  0.098 

B 

2 
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Ground  S’ate 


F  viii 


li2  ‘S„ 


Ionization  Potential 


953.60  eV  —  7693400  cm'1 


Allowed  Transitions 

The  results  of  extensive  non-relativistic  variational  calculations  by  Weiss  [1]  are  used.  V  alues 
have  been  calculated  in  both  the  dipole  length  and  dipole  velocity  approximations  and  agree  to 
within  1  percent,  except  for  the  3 p  'P° — 3d  'D  transition  where  agreement  is  not  as  good.  The 
average  of  the  tw<»  approximations  is  adopted  [1|. 

Reference 


|1|  Weiss,  A.  W„  private  communication  (1%4|. 


F vm.  Allowed  Transitions 


No. 

Transition 

Array 

Multiplet 

XiAi 

A, (cm  ') 

AT  (cm  '> 

A’. 

fik 

6.(10"  set-') 

/» 

.S(at.u) 

l'»g 

Accu¬ 

racy 

Source 

1 

Is-- 
1  . 

«S-'P° 

[16.8071 

0 

5949900 

1 

3 

5.59  X  1(H 

0.710 

0.0393 

-0.149 

A 

1 

2 

1  .V*  — 

l.s3/> 

I.S-'P0 

[!4.458| 

0 

6916590 

1 

3 

1.57  x  104 

0.148 

0.00704 

-  0.830 

A 

1 

3 

l.sis- 

1 

'S-'P0 

|2149.9| 

[59034(M)| 

5949900 

1 

3 

0.288 

0.0599 

0.424 

-1.223 

A 

1 

4 

l.s2.s  — 
l.s3/> 

IS  —  *1>0 

[98.698| 

[5903400| 

6916590 

1 

3 

«67 

0.380 

0.123 

-  0.420 

A 

1 

.) 

l.sL’p- 

l.s3</ 

[  1 03.80} 

5949900 

|6913300[ 

3 

5 

2610 

0.703 

0.721 

0.324 

A 

1 

6 

!  s.3d— 

l.s3/i 

[30390|? 

[69133001 

6916590 

5 

3 

8.52  X  U)-4 

0.00708 

3.54 

-1.451 

C 

1 

- 

1.S2.S- 

1  c*>», 

;K 

1/422.9 1 

[5829640) 

1 5899928  [ 

3 

9 

0.915 

0.0833 

1.17 

-0.602 

A 

1 

8 

l.s2.s- 
Is  3/i 

[  93.213  j 

[5829640| 

[6902450| 

3 

9 

914 

0.35? 

0.329 

0.030 

A 

1 

9 

l.s2/i  — 
l.siW 

[98.756| 

[5899929| 

6912520 

15 

2750 

0.669 

1.96 

0.780 

A 

1 

10 

l.s3/<- 
1  s.3</ 

:'D 

[9927.8) 

[690245O| 

6912520 

9 

15 

0.0133 

0.0327 

9.62 

-0.531 

A 

1 
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NEON 


Ground  State 


i\e  I. 


l5*2s*2/>"  !S„ 


Ionization  Potential 


21.539  eV  =  1 73932  cm  ' 


Allowed  Transitions 


List  of  tabula'"'*  lines: 


Wavelength  [  A) 

No. 

\S  aveiength  |A| 

\\  aveiength  [A) 

No. 

735.89 

2 

6717.04 

6 

23709 

14 

743.70 

i 

6929.47 

6 

23956 

16 

3454.19 

t 

7032.41 

3 

24249 

16 

3472.57 

t 

7173.94 

6 

24339 

13 

3520.47 

8 

7245.17 

4 

24365 

14 

5852.49 

6 

7438.90 

s 

25524 

13 

5881.90 

3 

7488.87 

9 

25855 

16 

5944.83 

3 

8377.61 

10 

26861 

14 

5975.53 

3 

8195.36 

11 

27521 

15 

6030.00 

4 

8654.38 

12 

28533 

16 

6074.34 

4 

18210 

14 

28744 

16 

60%.  16 

4 

19577 

13 

29714 

16 

6128.45 

4 

19772 

13 

31860 

15 

6143.06 

3 

20350 

14 

3351 1 

16 

6163.59 

5 

20354 

14 

6217.28 

3 

20565 

14 

6266.50 

5 

21041 

16 

6304.79 

4 

21708 

14 

6334.43 

3 

22530 

13 

6382.99 

4 

22662 

13 

6402.25 

3 

23100 

15 

6506.53 

4 

23260 

13 

6532.88 

5 

23373 

15 

6598.95 

6 

23.565 

14 

6678.28 

6 

23636 

13 

In  the  vacuum  uv  region  data  are  available  for  the  two  transitions  of  the  2/>  — 3s  array.  They 
have  been  obtained  experimentally  from  lifetime  measurements  by  Schiitz  [1),  Phelps  [2],  Korolev 
et  al.  [3],  and  theoretically  from  SCF  calculations  including  exchange  effects  by  Cold  and  Knox  [4j. 
In  the  experiments  only  one  of  the  two  lines  is  obtained  directly  whereas  the  other  one  is  derived 
using  Shortley's  [5|  calculated  intensity  ratio.  Since  the  total  spread  between  the  results  is  within 
a  factor  of  two.  uncertainties  within  25  percent  (class  (!)  are  estimated  for  the  averaged  values. 

Extensive  experimental  work  (6.  7]  has  been  dene  on  the  lines  of  the  prominent  3s  —  3/>  transi¬ 
tion  array.  Ladenburg  and  Levy,  and  Pery-Thorne  and  Chamberlain  have  used  the  method  of 
anomalous  dispersion;  Doherty  and  Friedrichs  measured  absolute  emission  intensities,  tin*  former 
with  a  conventional  shock  tube,  the  latter  with  a  stabilized  arc;  with  a  discharge  tube  Garbuny 
determined  relative  intensities  in  emission  and  Krebs  in  absorption.  Relative  /-values  have  been 
obtained  from  the  following  procedure:  the  results  of  the  three  emission  experiments  (by  Garbuny, 
Doherty,  and  Friedrichs)  have  been  employed  to  obtain  the  line  strengths  within  the  groups  of  lines 
with  the  sanm  upper  but  different  lower  levels,  since  for  these  cases  errors  are  obviously  minimized. 
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Analogously,  the  absorption  measurements  of  Krebs  and  the  anomalous  dispersion  measurements 
of  Ladenburg  and  Levy,  and  Fery -Thorne  and  Chamberlain  have  supplied  the  most  accurate 
relative  /-values  for  lines  starting  with  the  same  lower  level  but  ending  in  different  upper  levels. 
The  averaged  emission  and  absorption  data  have  then  been  combined  in  a  least  squares  fit  pro¬ 
cedure  to  obtain  a  lies!  set  of  relative-  data.  It  turns  out  that  this  set  fits  most  of  the  original  data 
and  the  /-file  sum  rule  within  10  percent,  but  a  few  deviations  of  30  percent  are  encountered. 

Absolute  values  have  been  obtained  by  employing  the  results  of  recent  extensive  lifetime 
measurements  of  the  3 p  levels  undertaken  by  Klose  |7J  with  a  delayed  coincidence  technique. 
An  averaged  conversion  factor  lias  been  obtained  from  fitting  the  levels  />),  p*.  />5.  p,..  07.  pH,  and  />9 
which  were  measured  by  Klose  with  a  high  degree  of  precision.  The  averaged  conversion  factor 
has  a  standard  deviation  of  only  6  percent.  Accuracies  within  10  percent  for  most  absolute  /-values 
are  indicated  (a)  from  the  high  experimental  precision  obtained  by  Klose  which  is  usually  within 
4  percent,  (b)  from  the  good  consistency  of  the  data  with  the  /-file  sum  rule,  (c)  from  the  excellent 
agreement  of  ihe  total  line  strength  for  this  transition  array,  which  is  224,  with  a  value  of  23') 
obtained  from  the  Coulomb  approximation,  and  id)  from  the  very  good  agreement  of  Klose’s  life 
time  results  with  some  preliminary  lifetime  data  by  Bennett  et  al.  [8j. 

For  a  few  lines  of  the  3s  — 4p  array,  Klose’s  lifetime  data  for  4p  levels  could  be  utilized  to  derive 
transition  probabilities.  However,  these  cannot  be  considered  as  accurate  as  before  because  the 
contribution  of  the  respective  4s— 4p  transition  to  the  lifetimes  could  be  only  approximately  taken 
into  account  using  the  data  discussed  immediately  below. 

The  Coulomb  approximation  has  been  applied  for  obtaining  an  absolute  scale  for  the  4s  — 4p 
array.  For  the  breakdown  into  individual  lines  the  intermediate  coupling  calculations  of  Ufiford 
[  10|  are  available.  I  he  latter  are  estimated  to  be  not  too  reliable,  since  similar  calculations  by  Short- 
ley  [5]  for  the  3s  — 3p  array,  as  judged  from  the  many  experimental  comparisons,  have  had  only  a 
fair  degree  of  success. 

From  Doherty's  [9]  shock  tube  experiment  some  further  material  is  available  for  the  3p—Sd 
array.  His  absolute  values  have  been  renormalized  by  using  the  same  conversion  factor  as  that 
for  his  values  of  the  3s  — 3p  array. 
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IN**  I-  Allowed  Transitions 


No. 

Transition 

Array 

Transition 

\(A» 

£i(cm  ’• 

f.'tlcni  '1 

A 

A 

10" 
sec  ') 

U 

.Sial.ii.' 

Accu¬ 

racy 

Source 

1 

2/iB  — 

•s— ( i  v2r 

743.70 

0 

134461 

1 

3 

0.476 

r 

0.0118 

0.0200 

-  1.03 

(. 

1.2.7.  1.5 

2/rt*lfoi8» 

(1  uv) 

2 

2/.*6  — 

*s-|v2r 

735.80 

0 

135801 

1 

3 

6.61 

0.162 

0.302 

-0.70 

c 

1.2.3.  1.5 

2/rVP,0,  )3s  ’ 

(2  uv) 

3 

2/*s3c_ 

llVjf-l  VaJ 

7032.41 

134044 

148260 

s 

3 

0.102 

0.085  4 

0.80 

-0.370 

B- 

6«.  7 

2/<VPf,!>3/' 

(D 

[lVap  —  [2V2! 

64<'2.25 

13404-4 

1 40650 

5 

~i 

0.43.3 

0.373 

30.3 

0.270 

B 

6//.  7 

[  1  V2|° — [  1 V2] 

A334.43 

134044 

140826 

5 

5 

0.136 

0.0818 

8.5.3 

-  (1.388 

B- 

6m.  7 

llVaP— [l*/a| 

A2 17.28 

134044 

150124 

5 

3 

0.0777 

0.0270 

2.76 

-  0.860 

B- 

6/1.  7 

iiv2r-l  ‘/2j 

A  143.06 

134(444 

150318 

5 

5 

0.216 

0.122 

12.4 

-0.214 

B- 

6m.  7 

2/A-PT* ,  )3s  — 

[1V2|°-[1V2 

5075.53 

134(444 

150774 

5 

3 

0.(4433 

0.0130 

1.37 

-  1.158 

B- 

6m.  7 

2/iVPK,  )3// 

[1V2|°-(1V2| 

5044.83 

134(444 

150860 

5 

D 

0.105 

0.0556 

5.44 

-0.556 

<:  + 

Am.  7 

(1) 

[1,/2|C-|  v2| 

5881.00 

134(444 

151040 

5 

3 

0.128 

0.0.308 

3.86 

-0.701 

B- 

6/1.  7 

4 

2/;53s  — 

[  1 V2I0  I  V2| 

7245.17 

134461 

148260 

3 

3 

0.0077 

0.0760 

5.50 

-  0.637 

B- 

(in.  7 

2/<5(-P1c1  )3p 

(3) 

[  I  V2|° — [2V2 

1 

A50A.53 

134461 

140826 

3 

5 

0.232 

0.245 

15.8 

-0.1.33 

B- 

6//.  7 

|1V2]°-[1V2| 

A382.00 

134461 

150124 

3 

3 

0.270 

0.170 

i0.7 

-0.201 

B- 

6 11.  7 

|1V2]°-[1V2] 

A304.70 

134461 

150318 

3 

,.T 

0.0.507 

0.05(41 

3.14 

-0.821 

B- 

6m.  7 

(IV2|°-l  >/2j 

A074.34 

134461 

1 500 1 0 

3 

1 

0.617 

0.114 

6.83 

-0.167 

C  + 

6m.  7 

2/j*isPj\,)3s  — 

IVaP-IlVa 

A  128.45 

134461 

150774 

3 

3 

0.0327 

0.0184 

1.11 

-  1 .258 

B- 

6m.  7 

2m5(2K  )3// 

1V2|°-[1V2 

AOOA.16 

134461 

150860 

3 

5 

0.160 

0.157 

0.45 

-0.327 

C  + 

6m.  7 

(3) 

1  ‘/p  f° — 1  V2 

6030.00 

134461 

151040 

3 

3 

0.0627 

0.0342 

2.(41 

-  0.080 

B- 

6  n.  7 

5 

2/'5l2P?3  )3„ '  — 

i  v2r-i  v2| 

7438.00 

134821 

148260 

1 

3 

0.0202 

0.0727 

1.78 

-  1.130 

B- 

6m.  7 

2/>s(2lp ,  )3p 

[  ‘/2f  -  if/2| 

6532.88 

134821 

150124 

1 

3 

0.128 

0.246 

5.28 

-0.610 

B- 

6m.  7 

(5) 

2pKW  — 

!  */2j°-liv2] 

6266.50 

134821 

150774 

1 

3 

0.223 

0.304 

8.13 

-0.405 

B- 

6m.  7 

2/>5(2P,°  )3// 

1  v.r-1  v2 

6163.50 

134821 

151(440 

1 

3 

0.160 

0.273 

-  0.563 

B- 

6m.  7 

(5) 

A 

2/rVP°,  )3s'  — 

1  V2]°-[2V2| 

7173.04 

135801 

1 10826 

3 

5 

0.0365 

0.(4160 

3.33 

-0.851 

B- 

6m.  7 

2/>5<2P,T3  )3/> 

i  «/2r-iiv2| 

6020.47 

135801 

150318 

3 

5 

0.100 

0.228 

15.6 

-0.16.5 

B- 

6m.  7 

in> 

2/AV- 

|  Vap  — [lVa] 

6717.(41 

135801 

150774 

3 

3 

0.234 

0.158 

10.5 

-0.323 

B- 

6m.  7 

2/rs(  -  P,°2  )3/> ' 

1  v2p-[iv«i 

6678.28 

135801 

150860 

3 

5 

0.238 

0.265 

1 7.5 

-  0.000 

C  + 

6m.  7 

(A) 

I  v2p -I  V2| 

6508.05 

135801 

151040 

3 

3 

0.2.51 

0.164 

10.7 

-  0.308 

B- 

Am.  7 

1  V2 1°  ~[  V2 

5852.40 

135801 

152073 

3 

1 

0.710 

0.123 

7.11 

-0.4.33 

B 

6m.  7 

7 

2/A3.S  — 

|iv2p— [2V2| 

3472.57 

134(444 

162833 

5 

7 

0.000 

0.025! 

1.44 

-  0.00 

<: 

7 

2/'-’(2lp 2  lt/< 

[lVaP— [  V* 

3454.10 

134461 

16340.3 

3 

1 

0.08.5 

0.0051 

0.173 

-  1.82 

c 

1 

(2) 

8 

- 

2  IK1  ii.  < 

I  V*r-1  Va| 

.3520.47 

135801 

164288 

3 

1 

0.07.3 

0.00140 

0.156 

-  1.87 

c 

7 

(7) 
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Ne I.  Allowed  Transitions  —  Continued 


N... 

Transition 

Array 

;  m 

f7.(cm  •) 

09 

1 

■ 

1 

f* 

.Slat.u.l 

Accu¬ 

racy 

Source 

6 

2. :/«,!- 

i  v*i— (iv2r 

7488.87 

1 48260 

161606 

3 

j 

5 

0.446 

0.486 

36.2 

0.166 

<: 

6,; 

2/i-i-TJ?,  l.'W 

Id 

|2V.|-|3V>r 

8.477. 61 

146656 

161562 

7 

6 

0.51 

0.66 

134 

0.66 

c 

On 

(121 

11 

|2V.|-]3V>r 

846.-,  .46 

146826 
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List  of  tabulated  lines: 


Wavelength  (A) 

No. 

Wavelength  (A) 

No. 

avelength  |A] 

No. 

460.725 

1 

3166.2 

4 

3357.90 

24 

462.338 

1 

3169.30 

28 

3360.63 

3 

2846.4 

23 

3173  58 

25 

3362.89 

24 

2853.5 

i 

3176.16 

28 

3367.05 

24 

2858.0 

22 

3187.60 
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31 
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26 
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34 
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22 
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24 
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22 
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24 
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25 
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24 
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22 
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28 
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21 
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20 
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27 
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33 
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3334.87 

3 

3574.64 

14 

3135.82 

4 

3344.43 

.3 

3590.47 

43 

3136.5 

4 

3345.49 
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W  aveiength  )  \] 

No. 

Wavelength  (A) 

No. 

W  avelength  |  Aj 

No. 

.3659.93 

44 

3790.% 

41 

4290.40 

54 

3664.09 

2 

3800.02 

49 

4323.3 

53 

3679.80 

51 

3806.30 
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4346.9 

54 

3694.22 

2 

3818.44 

49 

4365.72 

54 

3697.09 

51 

3829.77 

49 

4369.77 

53 

3701.81 

50 

3903.9 
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4379.50 

53 

3709.64 
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3942.3 
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4385.00 

53 

3713.09 

50 

3999.5 
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4391.94 

54 

3721.84) 

47 

4217.15 

52 

4397.94 

53 

3726.9 

50 

4219.76 

52 

4409.30 

54 

3727.08 

10 

4220.92 

52 

4413.20 

54 

3732.7 

47 

4224.75 

52 

4428.54 

54 
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52 

4430.90 

53 

3744.66 
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4441.1 
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52 

4442.67 

53 

3753.83 

48 

4242.20 

52 

4446.46 

53 

3754.9 

36 

4249.2 

54 

4492.4 

54 

3766.29 

2 

4250.68 

52 

4502.52 

53 

3776.9 

41 

4257.82 

52 

3777.16 

2 

4280.3 

53 

Aside  from  the  multiplet  2s22/A  2PC  —  2.s2p6  :S  in  the  vacuum  uv  for  which  a  quantum  mechani¬ 
cal  calculation  (screening  approximation)  has  .been  carried  out  by  Varsavsky  [I],  the  main  source 
of  theoretical  information  on  the  spectrum  are  the  extensive  calculations  by  Garstang  [2]  for  lines 
of  the  3s—  3/j  and  3/>  — 3 d  arrays.  He  has  calculated  the  relative  line  strengths  under  the  assump¬ 
tion  of  intermediate  coupling  and  has  used  the  Coulomb  approximation  to  obtain  the  transition 
integrals  for  the  absolute  values.  However,  for  the  3s— 3 p  array  Koopman’s  [3]  relative  line 
strengths  obtained  from  intensity  measurements  with  an  electrically  driven  shock  tube  agree  with 
LS-coupling  better  than  with  the  intermediate  coupling  values.  Therefore,  Koopman's  relative 
values  are  averaged  with  LS-coupling  results  and  put  on  an  absolute  scale  by  using  the  Coulomb 
approximation.  On  the  other  hand,  comparison  with  the  very  incomplete  experimental  intensity 
data  [3]  for  the  3/;  —  3</  array  indicates  that  intermediate  coupling  fits  much  better  here  than  LS- 
coupling  and  gives  in  may  cases  drastic  improvements.  Thus  Garstang’s  results  are  exclusively 
used  for  this  array  as  well  as  for  all  intercombination  lines.  Some  lines  marked  D-  should  be 
considered  inferior  in  quality  to  the  rest,  since  Garstang  finds  them  very  sensitive  to  the  choice 
of  parameters. 

In  addition,  the  /-values  for  the  three  strongest  multiplets  of  the  3</- 4/  array  have  been  cal¬ 
culated  with  the  Coulomb  approximation  using  LS-coupling  for  the  rnultiplet  components. 
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1) 

,  Is 

3309.78 

224089 

254294 

4 

2 

0.46 

0.037 

1.6 

-0.83 

1) 

.  Is 
,  /v 
.  /* 

3392.78 

224702 

254167 

2 

4 

0.29 

0.098 

2.2 

-0.71 

I) 

14 

2/A3s '  — 

2,)_2P 

3571.1 

246398 

274392 

10 

14 

•1.3 

0.36 

42 

0.56 

D 

.  /.S' 

2/>*( 1  D)3/>' 

(9) 

3368.53 

240397 

274411 

6 

8 

1.3 

0.33 

24 

0.30 

I) 

3574.64 

246400 

274367 

4 

6 

1.3 

0.37 

18 

0.17 

1) 

3574.23 

246.397 

274367 

6 

6 

0.092 

0.018 

1.3 

-0.97 

D 

,  h 

Is 

13 

-I)— Tu 

3336.9 

246398 

276357 

10 

6 

1.7 

0.17 

19 

0.23 

I) 

.  Is 

Is 

(10) 

3345.49 

246397 

276279 

6 

4 

1.5 

0.17 

11 

0.01 

D 

.  Is 
.  Is 

3319.75 

246400 

276514 

4 

2 

1.7 

0.14 

6.2 

-0.24 

1) 

3345.88 

2464(H) 

276279 

A 

4 

0.17 

0.028 

1.3 

-  0.95 

D 

.  Is 
.  Is 

16 

— -I)° 
(lii 

3231.1 

216398 

27731 9 

10 

10 

1.9 

0.29 

31 

0.47 

D 

3230.16 

246.397 

277346 

6 

6 

1.8 

0.27 

18 

0.22 

D 

3232.38 

2464(H) 

277328 

4 

4 

1.7 

0.26 

11 

0.02 

I) 

2 

3231.97 

246397 

277.328 

6 

4 

0.19 

0.020 

1.3 

-  0.93 

1) 

2 

[3230.51 

2464(H) 

277346 

4 

6 

0.13 

0.029 

1.3 

-  0.93 

D 

2 

2 

17 

2/»4:>»'  - 

*S  — 3I*° 

31811.3 

276678 

305403 

2 

6 

1.6 

0.86 

20 

0.24 

D 

2/>4(,S)3/>" 

[3480.81 

276678 

305399 

2 

4 

1.6 

0.58 

13 

0.06 

D 

2 

|3479.5| 

276678 

3054(H) 

2 

2 

1.6 

0.29 

6.6 

-0.24 

I) 

f  a 

18 

2/03/)  - 

4I'°-4I) 

3im.3 

246337 

279230 

12 

20 

3.2 

0.74 

89 

0.95 

D 

2//4t:'l’i.W 

<8i 

Is 

3034.  18 

246195 

279139 

6 

H 

3.1 

0.57 

.34 

0.53 

I) 

Is 

3047.57 

246417 

279221 

4 

6 

1.8 

0.37 

15 

0.17 

D 

.Is 

3054.69 

2466(H) 

279327 

2 

4 

0.93 

0.26 

5.2 

-0.28 

D 

3027.04 

246195 

279221 

6 

6 

1.5 

0.20 

12 

0.08 

I) 

3037.73 

246417 

279327 

4 

4 

2.0 

0.28 

11 

0.05 

I) 

2 

3045.58 

2466(H) 

279425 

2 

2 

2.5 

0.35 

7.0 

-0.15 

D 

2 

3017.34 

246195 

279327 

6 

4 

0.35 

0.0.32 

1.9 

-  0.72 

D 

|3028.7| 

246417 

279425 

4 

2 

0.84 

0.058 

2.3 

-  0.64 

1) 

2 

16 

[2897.1| 

246195 

280703 

6 

8 

0.042 

0.0071 

0.41 

-  1.37 

1) 

[2870.01 

246195 

281028 

6 

6 

0.11 

0.014 

0.77 

-i.o? 

D 

[2876.5| 

246195 

280950 

6 

4 

0.18 

0.015 

0.86 

-  1.04 

I) 

2 

[2888.41 

246417 

281028 

4 

6 

0.015 

0.0029 

0.11 

-  1.94 

I) 

2 

[2895.01 

2464 1 7 

280950 

4 

4 

0.016 

0.0021 

0.079 

2.08 

D 

2 

[2910.41 

246600 

280950 

2 

4 

0.43 

0.11 

2.1 

-  0.66 

1) 

r« 

21) 

T°--’F 

[2934.31 

246195 

280264 

6 

8 

0.00.30 

5.1  x  10  3 

0.030 

-2.51 

L) 

.  Is 

[2907.71 

246417 

280799 

4 

6 

0.039 

0.0075 

0.29 

-1.52 

1) 

,  h 
..  /* 

|2889.()[ 

246195 

280799 

6 

6 

0.015 

0.0019 

0.11 

-  1.94 

1) 

21 

4|>0— -1) 

re/ 

[2933.71 

246195 

280271 

6 

6 

0.068 

0  (H)87 

0.51 

-1.28 

1) 

[2916.21 

246195 

280176 

6 

4 

0.047 

0.0040 

0.23 

-1.62 

I) 

.Is 

[2953.01 

246417 

280271 

4 

6 

0.012 

0.0023 

0.089 

-  2.04 

1) 

/.s 

|2935.3| 

246417 

280476 

4 

4 

0.0.32 

0.0041 

0.16 

-  1.79 

I) 

|2951.1| 

2464)00 

280476 

z 

4 

0.023 

0.0061 

0.12 

-  1.92 

I) 

Source 


2 

2 


( a 

3,  Is 
3,  Is 
3.  Is 
3.  Is 


3.  Is 
3,  Is 
3.  Is 

cu 

3.  Is 
3.  Is 
3.  Is 


cu 


3.  Is 
3.  Is 
3.  Is 
3.  Is 


cu 

2 

2 

c« 

2 

2 

2 
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Nell.  Allowed  Transitions  —  Continued 


No. 

Transition 

Array 

Multi¬ 

ple! 

A(  A) 

A\U  m  ') 

AVlcm  ') 

X- 

A 

.-!*-,(  i«r 
>«*<•  ') 

u 

.Slat,  u.l 

!<•£  t{l 

Accu¬ 

racy 

22 

2880.2 

2-/63.37 

28/046 

12 

12 

1.7 

0.21 

24 

0. 10 

i) 

(2858.0| 

246105 

281171 

6 

6 

0.01 

0.11 

6.3 

-0.18 

i; 

|2801.5| 

246417 

280002 

4 

4 

0.097 

0.012 

0. 17 

1  31 

i) 

|2025. 7 1 

2466(H) 

280770 

2 

2 

0.52 

0.067 

;.3 

-  0.87 

i> 

(2873.0| 

246105 

280002 

6 

4 

0.46 

0.0.38 

2.2 

-0.64 

i) 

|2906.8| 

246117 

280770 

4 

2 

1.6 

0.10 

3.0 

-  0.30 

i) 

|287ft.4| 

246417 

281174 

4 

6 

0.84 

0.16 

5.0 

—  0.21 

i) 

(2906.8 1 

246600 

28('992 

2 

4 

0.75 

0.10 

3.6 

-0. 12 

i) 

23 

4po_2J> 

|2878.1| 

2466(H) 

281335 

2 

2 

0.067 

0.0083 

0.16 

-  1.78 

i) 

(2846.4| 

2466(H) 

281722 

2 

4 

0.0.35 

0.(M)84 

0.16 

-  1.77 

i) 

24 

4If-4D 

mi : 

2/0/62 

270230 

20 

20 

0.70 

0.1.3 

20 

0. 12 

i) 

(12) 

.3320.20 

240111 

270130 

8 

8 

0.87 

0.15 

13 

0.07 

D 

3357.00 

2404-18 

270221 

6 

6 

0.55 

0.003 

6. 1 

-  0.26 

i) 

3374.10 

240608 

270.327 

1 

4 

0.38 

0.065 

2.0 

-  0.50 

i) 

3370.30 

240842 

270425 

2 

2 

0.35 

0.060 

1.3 

-  (i.02 

i) 

3320.20 

210111 

270221 

8 

6 

0.13 

0,017 

1.5 

-  0.87 

i) 

334.5.88 

240448 

270327 

6 

1 

0.22 

0.021 

1.0 

-0.83 

i) 

3362.80 

240608 

270425 

1 

•) 

0.30 

0.023 

l.l 

-  0.00 

i) 

3367.05 

240448 

270139 

6 

8 

0.035 

0.0070 

0.55 

-  1.32 

i) 

3386.24 

240608 

270221 

4 

6 

0.067 

0.017 

0.77 

-  1.16 

D- 

3300  56 

240842 

270.327 

2 

1 

0.078 

0.027 

0.60 

-  1.27 

1) 

25 

JD°-JF 

3202.5 

2/0402 

2806/0 

20 

28 

2.5 

0.55 

120 

1.04 

D 

(13) 

3218.21 

240111 

280174 

8 

10 

3.6 

0.70 

50 

0.75 

1) 

3108.62 

240418 

280703 

6 

8 

2.2 

0.45 

20 

0.44 

1) 

3100.86 

240608 

281028 

1 

6 

0.73 

0.17 

7.0 

—  0  18 

I) 

3213.70 

240842 

280050 

2 

4 

1.8 

0.56 

12 

0.05 

I) 

3164.46 

240111 

280703 

8 

8 

0.22 

0.03.3 

2.7 

-  0.58 

l> 

3165.70 

240448 

281028 

6 

6 

o.;o 

0.028 

1.7 

-0.78 

[)- 

3108.88 

240608 

280050 

1 

4 

0..vJ 

0.000 

3.8 

-  0.41 

[)- 

3132.22 

2401 1 1 

281028 

8 

6 

0.022 

0.0024 

0.20 

-  1.72 

[)- 

3173.58 

210448 

280050 

6 

1 

0.0017 

1.7  x  10  J 

0.01 1 

-  2.08 

n- 

2ft 

Li 

i 

o 

Q 

*r 

(14) 

3208.00 

240111 

280261 

8 

8 

0.12 

0.018 

1.5 

-0.84 

i) 

.3188.74 

240448 

280700 

6 

6 

0.32 

0.018 

3.0 

-  0.54 

D- 

3154.82 

240111 

280700 

8 

6 

0.0022 

2.5  x  10  * 

0.021 

-  2.70 

D- 

3244.15 

240448 

280261 

6 

8 

1.1 

0.22 

1 1 

0.13 

D 

3214.38 

240608 

280700 

4 

6 

1.6 

0.38 

16 

0.18 

n- 

27 

4I)°  —  20 

(13) 

3243.34 

240148 

280271 

6 

6 

0.18 

0020 

1.8 

-  0.76 

D- 

3248.15 

2 10608 

280176 

4 

4 

0.11 

0.022 

0.04 

i.06 

i) 

3260.86 

240608 

280271 

4 

6 

0. 18 

0.12 

5.0 

0.33 

D- 

3263.43 

240812 

280476 

2 

4 

0.36 

0.12 

2.5 

-  0.64 

i) 

I3222JHI 

210448 

2804"6 

6 

1 

0.020 

0.0020 

0.13 

-  1.02 

i) 

13208.3 1 

210111 

280271 

8 

6 

().()( '01 

0  0010 

0.080 

-  2.07 

i) 

28 

M)°— '  I’ 

.3/50.3 

2  W02 

28/0/6 

20 

12 

0.30 

0.0.35 

7.2 

-0.16 

i) 

( 1ft) 

3118.02 

210111 

281171 

8 

6 

0.11 

0.01.3 

1.0 

-  0.00 

i) 

3160.30 

2 10 148 

280002 

6 

1 

o.:t 

0.017 

1.1 

-0.00 

n- 

(32I7.4| 

240608 

280770 

4 

2 

0.13 

0.0008 

0.42 

-  1  11 

i) 

3151.16 

240448 

281171 

6 

6 

O.f'66 

0.0016 

0.000 

-  2.02 

D- 

3101,61 

240608 

280902 

4 

4 

0.14 

0.021 

0.088 

-  1.08 

D- 

13232.31 

2 10842 

280770 

2 

2 

0.0.33 

0.0051 

0.11 

-  1.00 

i) 

3176.16 

240608 

281174 

4 

6 

0.0.34 

0.0078 

0.33 

-  1 .50 

i) 

3200.38 

210842 

280002 

•) 

4. 

4 

0.51 

1  0.16 

3.3 

-  0.50 

n- 

Source 

( a 

2 

2 

2 

2 

2 

•> 

•> 


2 

2 

ra 

2 

2 

2 

•> 


2 

2 

•> 


ra 


r 
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Nell.  Allowed  Transitions— Continued 


.No. 

- - - -  _ 

Transition 

Mulri- 

A  ( A ) 

A', (cm  ') 

A  n  (cm  ') 

‘ 

fi: 

A 

Till  10* 

u 

.S’fal.u.) 

1  "£Kf 

Accu- 

Sourc' 

Array 

['<-! 

sec  ') 

racy 

29 

0>°--T 

(3133.81 

239842 

281722 

2 

4 

0.020 

0.00.58 

0.12 

-  1.94 

n 

2 

[3160.0| 

239698 

28133.7 

4 

2 

0.019 

0.0014 

0.059 

-2.25 

D 

2 

1 3097.3| 

239448 

281722 

6 

4 

0.015 

0.0015 

0.089 

-  2.06 

D 

2 

30 

2I)°-'I) 

(18) 

33.33.39 

231013 

279139 

6 

8 

0.013 

0.0034 

0.24 

-  1.69 

D 

2 

13.33-3.21 

2.3101.3 

279221 

6 

6 

0.0037 

7.0  x  10* 

0.049 

-  2.38 

D 

2 

31 

2I)°-*F 

(19) 

3367.20 

2.31013 

280703 

6 

8 

1.0 

0.24 

16 

0.15 

D 

2 

3.388.36 

2.31323 

281028 

4 

6 

2.0 

0.51 

23 

0.31 

D 

2 

3330.78 

23101.3 

281028 

6 

6 

0.12 

0.020 

1.3 

-  0.93 

1) 

2 

13397.3! 

2.31323 

280950 

4 

4 

0.(449 

0.0084 

0.38 

-1.47 

D 

2 

32 

'IT— -K 

MUM 

23/2/8 

289/9.3 

10 

14 

1.4 

0.34 

38 

0.53 

D 

ca 

(20! 

3317.71 

231013 

280264 

6 

8 

2.0 

0.47 

32 

0.45 

D 

2 

3313.82 

23132.3 

280799 

4 

6 

0.41 

0.11 

4.8 

-  0.37 

D- 

2 

33.36.3.3 

231013 

280799 

6 

6 

0.11 

0.019 

1.3 

-  0.93 

D- 

2 

33 

2[)-_2I) 

mu 

23/2/8 

2803.53 

10 

10 

0.85 

0.15 

17 

0.18 

D 

ca 

(21) 

3316.87 

25101.3 

280271 

6 

6 

0.67 

0.12 

7.9 

—  0  15 

L) 

2 

3333.10 

251525 

280476 

4 

4 

0.39 

0.11 

4.8 

-0.38 

D 

2 

(3393.21 

251013 

280476 

6 

4 

0.022 

0.0025 

0.17 

-  1.82 

D 

3477.69 

251525 

280271 

4 

6 

0.34 

0.091 

4.2 

-0  44 

D- 

2 

33 

-l)&-*P 

(221 

3314.60 

251013 

281174 

6 

6 

0.026 

0.0042 

0.28 

- 1 .60 

1) 

2 

3371.87 

251525 

281174 

4 

6 

0.12 

0.032 

1.4 

-0.89 

D 

2 

|3392.7| 

251525 

280992 

4 

4 

0.14 

0.025 

1.1 

-1.00 

D 

2 

|3334.8| 

251013 

280992 

6 

4 

0.030 

0.0033 

0.22 

-  1.70 

D 

2 

33 

-tr-  *p 

329/.  6 

25/2/8 

28/599 

10 

6 

0.098 

0.0095 

1.0 

-  1.02 

0 

ca 

(23) 

32.3.3.39 

251013 

281722 

6 

4 

0.12 

0.013 

0.81 

-1.12 

D 

2 

.33.33.6.3 

251525 

281335 

4 

2 

0.048 

0.0040 

0.18 

-1.79 

D 

2 

3310.3.3 

251525 

281722 

4 

4 

0.0061 

0.0010 

0.044 

-  2.40 

I) 

2 

30 

2S°-*[) 

(3734.91 

252801 

279425 

2 

2 

(*.0095 

0.0020 

0.050 

-  2.40 

D 

2 

37 

*S°— 4F 

(23) 

3.331.32 

252801 

280950 

2 

4 

0.055 

0.021 

0.49 

1 

'  > 

D 

2 

3H 

(26) 

3612.33 

252801 

280476 

2 

4 

0.22 

0.087 

2.1 

-0.76 

1) 

2 

39 

-*S°  — 4I* 

(27) 

3.346.22 

252801 

280992 

2 

4 

0.021 

0.0081 

0.19 

-1.79 

D 

2 

1 3374.31 

252801 

280770 

2 

2 

0.0 -*6 

0.0088 

0.21 

-  1.75 

1) 

2 

10 

2S°— 2|* 

3472.5 

252801 

28/599 

2 

6 

1.3 

0.70 

16 

0.15 

I) 

ca 

(28) 

34.36.68 

252801 

281722 

O 

4. 

4 

1.0 

0.36 

8  2 

-0.14 

1) 

2 

3.303.61 

252801 

281335 

2 

2 

1.9 

0.34 

7.9 

-0.16 

I) 

O 

i. 
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Nell.  Allowed  Transitions— Continued 


No. 

Transition 

Mu‘*i- 

A<  A) 

£,(<  m  ') 

Ekum  ') 

P. 

Ak,(  10* 

J  ik 

.Slal.u.l 

Accu- 

Source 

Array 

plet 

st*e  1 1 

racy 

41 

4S"  —  4D 

(30) 

3806.30 

252956 

279221 

4 

6 

0.01.3 

0.0043 

0.22 

-  1.76 

[/ 

2 

37%.% 

252956 

279327 

4 

4 

0.-P  7 

0.0036 

0.18 

-  1.85 

!) 

*) 

|3776.9| 

252956 

279427 

4 

' 

2 

0.0074 

8.0  X  10  4 

0.040 

-  2.50 

[) 

2 

42 

4F 

(3l) 

3561.23 

252956 

281028 

4 

6 

0.11 

0.031 

1.5 

-  0.91 

i) 

2 

3571.26 

252956 

280950 

4 

4 

0.43 

0.083 

3.9 

-  0.48 

[)- 

2 

43 

AS°---F 

(32) 

35%.  47 

252956 

28079*/ 

4 

6 

0.087 

0.025 

1.2 

-  0.99 

D- 

2 

A 

AS°-2D 

(33) 

3659.93 

252956 

280271 

4 

6 

0.11 

0.033 

1.6 

-  0.88 

D- 

2 

36.32.75 

252956 

280476 

4 

4 

0.090 

0.018 

0.85 

-  1.15 

f) 

2 

45 

AS0  —  'P 

3559.0 

252956 

28/046 

4 

12  i 

1.1 

0.63 

30 

0.40 

[) 

C(l 

(34) 

3542.5,, 

252956 

281171 

4 

6 

1.3 

0.35 

16 

0.15 

D 

2 

3565.84  ! 

’252956 

280992 

4 

4 

0.82 

0.16 

7.3 

-  0.20 

n 

2 

3594.18 

252950 

280770 

1 

2 

P.3 

0.12 

5.9 

-  0.30 

D 

2 

46 

AS"-2P 

1 

(35) 

3475.25 

252956 

281722 

>. 

4 

0.0047 

8.5  x  10  ' 

0.039 

-2.47 

D 

2 

3522.72 

252956 

281335 

i 

2 

0.01 1 

0.0911 

0.050 

-2.37 

D 

2 

47 

2p° _ 4|T 

(37) 

3721  86 

254167 

281028 

4 

6 

0.0.36 

0.011 

0.55 

-  1.35 

D- 

2 

(3732.71 

254167 

280950 

4 

4 

0.0.30 

0.0062 

0.31 

-  1.60 

I) 

*1 

i. 

48 

2p°..2p 

(38) 

3753.83 

254167 

2807% 

4 

6 

0.55 

0.18 

8.7 

-0.15 

D- 

2 

49 

2P°_-’D 

3824.0 

254.6/9 

280.353 

6 

10 

0.94 

0.35 

26 

0.32 

D 

C(l 

(39) 

3829.77 

251167 

280271 

4 

6 

0.88 

0.29 

15 

0.06 

D 

2 

3818.44 

254294 

280476 

2 

4 

0  69 

0.30 

7.6 

-  0.22 

[) 

2 

3800.02 

254167 

280476 

4 

4 

0.35 

0.076 

3.8 

-0.52 

I) 

2 

50 

2p°_  Ip 

(40) 

3701.81 

254167 

281174 

4 

6 

0.25 

0.077 

3.7 

-0.51 

D 

2 

3744.66 

254294 

280992 

2 

4 

0.22 

0.091 

2.2 

-  0.74 

D 

2 

(3726.91 

254167 

280992 

4 

4 

0.092 

0.019 

0.94 

-  1.12 

I) 

2 

51 

*P°-*P 

365/. 2 

254209 

28/590 

6 

6 

1.2 

0.21 

17 

0.15 

I) 

C(l 

111) 

3628.06 

254167 

281722 

t 

4 

0  57 

0.11 

5.3 

-  0.35 

1) 

2 

3697.09 

254294 

281335 

2 

2 

0.34 

0.070 

1.7 

-  0.86 

I) 

2 

3679.80 

254167 

281335 

1 

2 

0.36 

0.037 

!  .8 

-0.83 

1) 

2 

3644.86 

254294 

281722 

2 

4 

0.85 

0.34 

8.2 

-0.17 

1) 

2 
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!\«»  fi.  Allowed  Transitions  —  Continued 


No. 

Transition 

Array 

Multi¬ 

ple! 

At  At 

-  T 

/-.',( cm  :i 

£*(cni  *) 

1 

46 

.4*, <10* 
sec  ') 

/» 

.Sfat.u.) 

Accu¬ 

racy 

4 1  " 

Source 

52 

2/, *2,1- 

4[)-4l)° 

4229./, 

279230 

.102866 

20 

20 

0.39 

0.10 

29 

0.32 

cu 

2/rT‘lMf 

(521 

4219.76 

279139 

302831 

8 

8 

0.33 

0  089 

9.8 

D 

Is 

4251.60 

302846 

6 

6 

0.22 

0.060 

5.0 

D 

Is 

4259.95 

302905 

4 

0.15 

0.042 

2.3 

-0.78 

D 

Is 

4242.20 

279425 

302991 

2 

2 

0.19 

0.052 

1.5 

-0.98 

D 

j  Is 

4217.15 

279139 

302846 

8 

6 

0.074 

0.015 

1.6 

l) 

1  Is 

4220.92 

279221 

6 

1 

0.14 

2.0 

Is 

4224.57 

279327 

302991 

4 

2 

0.19 

1.4 

—  n  °9 

Is 

14234.51 

279221 

.302831 

6 

8 

0.055 

Kfr 

1.7 

Is 

4250.68 

279327 

302846 

4 

6 

0.090 

0.036 

2.0 

I) 

Is 

4257.82 

279425 

2 

4 

0.0% 

0.052 

1.5 

D 

Is 

55 

4F-4F 

439/5 

2866/9 

303368 

28 

28 

0.26 

0.076 

31 

0.33 

D 

cc 

(56) 

4397.94 

280174 

10 

10 

0.24 

0.070 

10 

BUIS 

D 

Is 

4379.50 

303531 

8 

8 

0.20 

0.058 

6. 7 

D 

Is 

l 

1385.00 

281028 

6 

6 

0.18 

J.053 

4.0 

1 

D 

Is 

l 

4430. 'X) 

4 

4 

0.21 

0.062 

3.6 

-0.61 

I) 

Is 

■Isiflliii 

280174 

303531 

10 

8 

0.028 

0.0062 

0.88 

-1.21 

I) 

Is 

/ 

mi 

280703 

303827 

8 

6 

0.048 

0.010 

1.2 

D 

Is 

4446.46 

231028 

303512 

6 

4 

0.052 

0.010 

0.91 

-  1.21 

I) 

Is 

2 

4502.52 

280703 

302906 

8 

!0 

0.021 

0.0081 

0.% 

-  1.19 

D 

Is 

l 

4442.67 

281028 

303531 

6 

8 

0.035 

0.014 

1.2 

I) 

Is 

) 

4369.7', 

303827 

4 

6 

0.035 

0.015 

0.88 

-1.21 

D 

Is 

54 

4F-  T>° 

4360.8 

2806/9 

303.544 

28 

36 

2.4 

0.89 

360 

1.39 

D 

C(l 

) 

Id/) 

4290.40 

280174 

303476 

10 

12 

2.5 

0.83 

120 

D 

h 

2 

4391.94 

280703 

303465 

8 

10 

2.2 

0.79 

91 

I) 

Is 

4409.30 

303701 

6 

8 

2.0 

0.79 

69 

D 

Is 

4413.20 

E 

303602 

4 

m 

2.0 

0.89 

52 

D 

Is 

(4292.41 

280174 

303465 

10 

10 

0.20 

0.056 

7.9 

D 

Is 

2 

14346.9) 

280703 

303701 

8 

8 

0.33 

0.093 

11 

D 

Is 

2 

4428.54 

303602 

6 

6 

0.33 

0.0% 

8.4 

Is 

(4249.21 

280174 

303701 

10 

8 

0.0073 

0.0016 

0.22 

Is 

1 365.72 

280703 

303602 

8 

6 

0.012 

0.0026 

0.30 

Is 

2 


a 

2  Forbidden  Transitions 

2 

“  Naqvi's  calculation  [1]  of  the  one  possible  transition  in  the  ground  state  configuration  2 p5  is  the 

only  available  source.  The  line  strength  should  be  quite  accurate,  since  it  does  not  sensitively 
depend  on  the  choice  of  the  interaction  parameters. 


Reference 


[i1  Na<t'.:.  A.  M..  Thesis  Harvard  ( 1 9."i  1 ). 
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!Ne  III. 


Ground  State 


ls22s22/>4 


Ionization  Potential 


63.5  eV«  512312  enr* 


Allowed  Transitions 

List  of  tabulated  lines: 


%  ave*le*ngl  ,  | 

No. 

U  avelengtli  |  A| 

No. 

\\  avelengtli  [A| 

No. 

227.24 

13 

28.3.894 

s 

2163.5 

17 

227.42 

12 

301.124 

t 

2163.7 

17 

227.49 

12 

308.559 

9 

2163.77 

17 

227.57 

13 

313.048 

4 

2412.73 

18 

227.72 

13 

313.677 

4 

2412.94 

18 

227.75 

12 

313.92 

4 

2413.18 

18 

227.76 

12 

379.308 

2 

2413.54 

18 

227.82 

12 

127.840 

3 

2413.78 

18 

227.90 

12 

488.103 

1 

2590.04 

14 

228.85 

11 

488.868 

1 

2593.60 

14 

228.88 

11 

489.501 

1 

2595.68 

14 

228.91 

11 

489.641 

1 

2610.03 

16 

229.19 

11 

490.310 

1 

2611.42 

16 

229.22 

n 

491.050 

1 

2612.5 

16 

229.34 

11 

2086.96 

19 

2613.41 

16 

231.145 

10 

2087.44 

19 

2614.5) 

16 

251.558 

10 

2088.92 

19 

2615.87 

16 

251.726 

10 

2089.43 

19 

2677.90 

15 

267.059 

6 

2092.44 

19 

2678.64 

15 

267.516 

6 

2095.54 

19 

267.709 

6 

2159.44 

17 

282.50 

8 

2159.60 

17 

283.178 

5 

2160.88 

17 

283.206 

5 

2161.04 

17 

283.690 

5 

2161.22 

17 

The  values  for  the  majority  of  the  transitions  are  taken  from  the  self-consistent  field  calc  ulations 
(with  exchange)  by  \Veiss[l|.  These  calculations  do  not  include  the  important  effects  of  configura¬ 
tion  interaction;  lienee,  fairly  large  uncertainties  must  be  expected  in  most  cases.  The  average1 
of  the  dipoh-  length  and  velocity  approximations  is  adopted  1 1  j. 

For  the-  2.r2/;4  —  2.v2//’  'P°  transition  a  value*  is  available*  from  tile*  calculations  of  Bolotin 

et  al.  [2j  which  include*  configuration  interaction  in  a  limited  way.  \gain.  1  **ge  uncertainties  are 
to  he  e*xpe*cte*el. 


Ke*fe*re*uce*s 


Ml 

121 


Wri-v  V  Ve  .  |iri\.ilr  rmmmiiiii'alion  ( I  Wo). 

Itoln I  in.  \.  It..  ShirniKii.  I.  I.,  aii'1  Itraimun.  M.  Yu..  Yiluiaii-  \  al-l\ liiuiu  v.  Kap^uko  varilo  imivrn-ilelo  Mokslo  Durliai. 
.Hit.  mutcmulika.  li/ika.  9,  till  112  (196(0. 
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Neill.  Allowed  Transitions 


Nil. 

1  ruru-itioti 
\  l  ray 

— 

Mulii- 

At  A) 

/•.',!<•  Ill  ') 

/7/8<  hi  'l 

— 

A'i 

.7*,<I0K 

<cc  ') 

u 

.Slat.u.) 

Accu¬ 

racy 

1 

2.^-2 n*  - 

:lP  —  :lI 

mM 

8/7 

26/880 

0 

0 

71 

0.26 

.3.7 

0.36 

K 

2*2 //’ 

(1  u  v) 

180.801 

0 

204202 

5 

5 

82 

0.19 

1.3 

-0.0.3 

E 

480.611 

6 1.8 

201870 

2 

2 

18 

0.064 

0.31 

-0.72 

E 

188.108 

0 

201870 

5 

5 

20 

0.06.3 

0.51 

-  0.50 

E 

188.868 

618 

208204 

2 

i 

71 

0.083 

0.41 

-0.50 

E 

401.080 

64.8 

201202 

•» 

•> 

5 

17 

0.11 

0.81 

-  0.80 

E 

190.810 

027 

201870 

1 

2 

2.2 

0.28 

0.41 

-  0  60 

E 

2 

*1)  —  ,l’° 

870.808 

28841 

280470 

5 

8 

210 

0.27 

1.7 

0  13 

E 

(6  uv) 

3 

•S-  M>° 

427.810 

55747 

280470 

i 

2 

16 

0.1.3 

0.10 

-  0.87 

E 

(9  uv) 

1 

t 

2 

*I»  -  aS° 

.1/8.88 

8/7 

810 148 

0 

2 

81 

0.040 

0.37 

-  0.45 

E 

2/):,(4s°):vs 

(2  uv) 

818.048 

0 

810148 

5 

.2 

16 

0.041 

0.21 

-  0.69 

E 

818.67“ 

648 

810448 

.2 

2 

26 

0.0.39 

0.12 

-  0.0.3 

E 

818.02 

027 

210448 

1 

2 

0.0 

0.040 

0.041 

-  1.40 

E 

5 

V- 

288.4/ 

8/7 

878/67 

0 

18 

28 

0.087 

0.48 

-  0.20 

E 

2//'<al)W 

18  uv) 

288.206 

0 

288148 

> 

1 

28 

0.047 

0.22 

-  0.63 

E 

288.600 

618 

888177 

2 

5 

21 

0.043 

0.12 

-  0.80 

E 

28.8.894 

027 

888107 

1 

8 

16 

0.087 

0.05.3 

-  1.25 

E 

288.178 

0 

.288177 

5 

5 

7.1 

0.0086 

0.010 

-  1.37 

E 

288.600 

64.8 

88.2197 

2 

:> 

»J 

12 

0.014 

0.040 

-  1.37 

E 

288.178 

0 

2.88197 

5 

2 

0.80 

8.8  X  10  4 

0.0027 

-  2.54 

E 

6 

2/>J  ~ 

3|>  _  U|)° 

267.20 

8/7 

27/7/8 

0 

0 

22 

0.0.31 

0.27 

—  0.51 

E 

2/i;'<2lJO>;i.s" 

|4  uv) 

267.080 

0 

274484 

«> 

5 

22 

0.028 

0.11 

-  0.9° 

E 

267.816 

648 

874461 

,2 

.2 

8.1 

0.0087 

0.023 

—  1 .58 

E 

267.080 

0 

274461 

5 

2 

1.2 

0.0086 

0.038 

-  1.36 

E 

267.816 

648 

271478 

2 

1 

22 

0.0)1 

0.030 

-  1.47 

E 

267.816 

648 

2741.24 

.2 

5 

8.0 

0.014 

0.038 

-  1.37 

E 

267.709 

027 

274461 

1 

2 

11 

0.0.34 

0.030 

-1.47 

E 

7 

V- 

•D-'D0 

801.124 

28841 

.2270.20 

5 

5 

71 

0.007 

0.48 

-0.32 

F,' 

l!« 

2//'<-l)°>:^' 

(7  uv) 

8 

V- 

•1)-'P° 

282.80 

28841 

.2708.24 

5 

2 

45 

0.032 

0.15 

-0.70 

E 

2/*s(TW 

(8  uv) 

9 

2/>‘  - 

'S-'P° 

808.880 

887 17 

.27088! 

i 

2 

82 

0.14 

0-4 

-0.86 

E 

2/>:,<-PW' 

(10  uv) 

| 

10 

2 !/»'- 

:,P  —  3I)° 

88 

8/7 

208262 

18 

140 

0.21 

1.6 

0.29 

D- 

2//'i  'KW 

(5  uv) 

281.148 

0 

208211 

5 

7 

140 

0.18 

j  0.75 

-  0.04 

D- 

2'.  1.888 

618 

208107 

2 

5 

100 

0.16 

0.40 

-  0.32 

1>- 

281.726 

027 

20810,2 

1 

2 

76 

0.22 

0.18 

-0.66 

n- 

281.148 

0 

298107 

5 

5 

22 

0.0.31 

0.13 

-  0.80 

D- 

281.888 

648 

208102 

2 

•  i 

83 

0.082 

0.13 

-  0.80 

D- 

281.148 

29819.2 

8 

2 

3.8 

0.0022 

0.0089 

-1.07 

D- 

11 

v- 

;'P-:'I)° 

220.00 

t  8/7 

72680/ 

0 

18 

73 

0.006 

0.65 

-  0.06 

D- 

2/>:'(al)°):W' 

|228.01| 

0 

1.26818 

r. 

7 

72 

0.080 

0.30 

-0. 10 

D- 

(220.221 

648 

126014 

.2 

5 

8' 

0.071 

0.16 

-  0.67 

D- 

1229.84 1 

027 

4.26989 

1 

.2 

10 

0.00.3 

0.072 

-  1.02 

D- 

|228.88| 

0 

4.26014 

5 

5 

18 

0.014 

0.054 

-  1.14 

D- 

|220.10| 

648 

128080 

2 

30 

0.024 

0.054 

-  1.15 

D- 

|228.88| 

0 

126080 

8 

2 

2.0 

0.6  X  10  4 

0.00.36 

-  2.32 

l>- 

Neill.  Allowed  Transitions— Continued 


N«. 

Transition 

Arra\ 

Multi- 

plft 

A(Ai 

A.’, (t  ni  *) 

~ 

/u(<  ni  *) 

Pi 

A 

10" 
s.-c  *1 

U 

Slat. u. 1 

«/ 

Arm- 

rac> 

Smircr 

12 

3j> _ 3|>c 

227. 62 

8/7 

439646 

9 

o 

160 

0.12 

0.83 

0.01 

D- 

1 

1227.40] 

0 

12  »586 

.4 

5 

i  20 

0.093 

0.35 

-  0.33 

n- 

Is 

(227.761 

613 

439708 

3 

3 

39 

0.0.31 

().04»9 

1.01 

i)  - 

Is 

|227.42| 

0 

4.39708 

.’) 

3 

69 

(1.0.12 

0.12 

0.80 

D- 

Is 

(227.731 

643 

439760 

3 

1 

160 

0.041 

0.092 

-  0.91 

n- 

Is 

[227.82| 

643 

439586 

3 

5 

11 

0.05.3 

0.12 

-  0.80 

n  - 

Is 

(22  7.00J 

927 

439708 

1 

.3 

52 

0.12 

0.092 

-0.91 

D- 

Is 

13 

3P  — 3S° 

227.40 

3/7 

110065 

9 

8 

210 

0.055 

0.37 

—  0.31 

l)- 

1 

(227.24| 

0 

110065 

:> 

3 

120 

0.056 

0.21 

-0.55 

1) 

Is 

1227.57] 

613 

1 10065 

.3 

3 

69 

0.053 

0.12 

-0.80 

P- 

Is 

(227.721 

927 

110065 

1 

.3 

23 

0.055 

0.04! 

-  1  26 

I)- 

Is 

14 

2/;33s  — 

5S°_5|» 

2562.3 

|3 14148] 

(3527/21 

r\ 

15 

2.5 

0.76 

32 

0.58 

1) 

ra 

2/> VS  )8 /> 

(11  UV) 

2590.04 

(314148! 

|352746| 

T 

2.5 

0.36 

15 

0.25 

1) 

Is 

2593.60 

|314148| 

(352693| 

.4 

2.5 

0.25 

11 

0.10 

I) 

Is 

2595.68 

|314148| 

(352662! 

7) 

3 

2.5 

0.15 

6.5 

-0.12 

D 

Is 

15 

?x°  —  H> 

2678.2 

319115 

356773 

3 

9 

2.4 

0.78 

20 

0,37 

i) 

ra 

(12  uv) 

2677.90 

319115 

.3567  i  7 

3 

"4 

2,1 

0.43 

11 

0.11 

!) 

Is 

2678.64 

319415 

356766 

3 

3 

2.4 

0.26 

6.8 

-0.11 

I) 

Is 

2677.90 

319145 

.356777 

3 

1 

2.4 

0.086 

2.3 

-0,59 

D 

Is 

16 

2/>33s'  — 

3D°-  3F 

26/2.4 

853/67 

89/485 

15 

21 

2.4 

0.31 

44 

0.71 

D 

ru 

2/)3C-DP)3/>' 

2610.03 

.353148 

.391450 

7 

9 

2.4 

0.32 

19 

0,31 

1) 

Is 

2613.41 

353177 

391430 

5 

2.1 

0.31 

13 

0.18 

D 

Is 

2613.87 

353197 

.391414 

3 

5 

2.0 

0.34 

8.9 

0.01 

D 

Is 

2611.42 

3531 18 

391430 

4 

0.27 

0.027 

1.6 

-0.72 

1) 

Is 

2611.51 

353177 

391414 

.4 

•T 

0.37 

0.038 

1.6 

-0.72 

I) 

Is 

(2612.51 

353148 

391414 

i 

.4 

0.011 

7.8  x  ]()  * 

0.017 

-  2.26 

D 

Is 

17 

2/»:,3/;  - 

•■>P  -  5D° 

2/;VS°|3(/ 

2163.77 

(352746| 

(398947| 

i 

9 

6.8 

0.59 

29.1 

0.62 

C- 

<■(/.  Is 

2161.22 

|352693| 

1 3989491 

:> 

l 

1.36 

0. 128 

15.2 

0,330 

<:- 

m.  Is 

2159.60 

|352662| 

|398952| 

3 

5 

2.30 

0.268 

O.  ( 

-  0.096 

<:- 

(  II.  Is 

|2163.7| 

[352746| 

| 398949| 

l 

4 

2.25 

0.158 

7.9 

0.044 

<:- 

(  II.  Is 

2161.04 

(3526931 

|398952| 

2) 

.4 

3.82 

0.267 

9.5 

0.126 

<:- 

III.  Is 

2159.44 

|352662| 

(3989561 

.3 

3 

1.92 

0.3 1 1 

7.3 

0.01  1 

c- 

ru.  Is 

(2163.51 

1352746 ( 

13989521 

7 

7) 

0.450 

0.0227 

1.12 

-0.80 

<:- 

ru.  Is 

2160.88 

1 3526931 

(398956| 

.4 

3 

1.64 

0.069 

2. 15 

-0.164 

<:- 

ru.  Is 

18 

*P-  ‘D° 

2412.0 

856773 

2011202 

9 

15 

1.87 

0.71 

51 

0.80 

c- 

(’a 

2412.73 

.356777 

.398212 

5 

4 

1.87 

0.59 

23.6 

0. 173 

c- 

Is 

2412.91 

356766 

398197 

.3 

.4 

3.65 

0.5.3 

12.7 

0.202 

<:- 

Is 

2413.78 

356777 

.39819.3 

1 

3 

2.70 

0.71 

•A. 6 

-0.150 

<:- 

Is 

2413.51 

356777 

398197 

.’4 

1.22 

0.106 

4.22 

-0.275 

<:- 

>s 

2113.18 

356766 

398193 

.3 

3 

2.08 

0.177 

1.22 

-0.275 

<:- 

Is 

2413.78 

356777 

398143 

.4 

3 

0.135 

0.0071 

0.281 

-  1.451 

c- 

Is 

16 

2/7*3/;'  - 

:,D  — 3I)° 

2001.7 

389699 

120201 

15 

15 

3.92 

0.257 

26.6 

0.59 

c- 

ra 

2/;:ll"I)°)3,/' 

2095.5 1 

389139 

1368 15 

i 

7 

3. 17 

0.228 

1 1.0 

0.204 

c- 

0 

2089,13 

389069 

1.3691  1 

.4 

T) 

2.73 

0.179 

6.2 

-  0.048 

c- 

Is 

2036.96 

389058 

1.36959 

9 

.4 

3 

2.96 

0.194 

3.99 

-  0,2.36 

c- 

Is 

2092. 1 1 

889139 

1369 1  1 

7 

:> 

0.61 

0.0286 

1.38 

-0.70 

(.- 

Is 

2087.14 

389069 

1.36959 

.4 

0.99 

0.0.387 

1 .33 

-0.71 

(. 

Is 

2092.14 

389069 

1.368 15 

.4 

7 

0. 135 

0.0100 

1 .38 

-0.70 

c- 

Is 

2088.92 

389058 

13691  1 

9 

.) 

) 

0.59 

0.064 

1,33 

-0.71 

< 

Is 
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Forbidden  Transition* 

The  adopted  values  represent,  as  in  the  ease  of  Fn.  'lie  work  of  (iarsian<;  1 1  j  and  N’aqvi  [21. 
who  independently  have  done  essentially  the  same  ealeulalions  and  have  arrived  at  very  similar 
results.  For  the  selection  of  values,  the  same  considerations  as  for  K  It  have  been  applied. 
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Ground  State 


NelV 


Ionization  Potential 


\s-2s-2,r'  4<°, , 

97.02  e\  782768  cm  1 


Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  |  4| 

\tl 

\\  aveiength  |  \| 

No. 

\\  aveiength  (A] 

N... 

208. 185 

i 

541.124 

1 

2262.08 

It 

208.734 

i 

542.076 

1 

2264.54 

14 

208.899 

i 

543.884 

1 

2285.79 

12 

212.556 

8 

2018.44 

13 

2293. 1 1 

12 

357.831 

3 

2022.19 

15 

2293.49 

12 

358.70 

i 

3 

2029.2 

13 

2350.84 

9 

387.13 

6 

2033.5 

13 

2352.52 

9 

388.23 

6 

2174.4 

10 

2357.96 

9 

421.584 

5 

2176.1 

10 

2362.68 

(t 

V 

469.77 

2 

2181  0 

10 

2363.28 

11 

469.8  i  7 

2 

2192.6 

10 

2365.49 

11 

469.865 

9 

2203.88 

10 

2372.16 

9 

521.730 

4 

2206.4 

10 

2384.20 

9 

521.74 

4 

2220.81 

10 

2384.95 

9 

521.810 

4 

2258.02 

14 

2404.28 

1) 

| 

2405.19 

9 

l  lie  values  for  several  of  the  transitions  are  taken  from  the  seif  consistent  field  calculations 
(with  exchange)  by  Weiss  [!j.  These  calculations  do  not  include  the  important  effects  of  con¬ 
figuration  interaction:  hem  e,  fairly  large  uncertainties  must  be  expected.  The  average  of  the 
dipole  length  and  velocity  approximations  is  adopted  |1|. 

For  the  2.,-2/r1 2P°  — 2.s2/d 2D.  "S  transitions  values  are  available  from  the  calculations  of  Levin¬ 
son  et  al.  |2|  which  include  configuration  interaction  in  a  limited  way.  Again,  large  uncertainties 
are  to  he  expected. 
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NelV.  Allowed  Transitions 


N,.. 

1  ran-  ilimi 

Mull. 

xi  A) 

A’, (cm 

A'jtkm  ') 

A. 

a i 

4*810* 

ilk 

.Slat.u.) 

log  gf 

Accu- 

Source 

\rrav 

(.let 

sw  1 ) 

racy 

1 

2s-2/>3- 

<S0_4|* 

542.82 

J 

184222 

4 

12 

25 

0.34 

2.4 

0.13 

E 

1 

2>2 1>4 

(1  uvl 

1 

543.884 

0 

1&3860 

4 

6 

25 

0.17 

1.2 

-0.17 

E 

Is 

542.076 

0 

184477 

4 

4 

25 

0.11 

0.80 

-0.35 

E 

Is 

SI  1.124 

0 

184799 

4 

2 

25 

0.056 

0.40 

-0.65 

E 

Is 

2 

2L)°  — 2D 

46*4.84 

(40968) 

\252808] 

10 

10 

51 

0.17 

2.6 

0  23 

E 

1 

( 1  uv) 

469.817 

( 40950 j 

(253799) 

6 

6 

49 

0.16 

1.5 

-  0.01 

E 

Is 

469.817 

(40995) 

(253822] 

4 

4 

46 

0.15 

0.94 

-0.22 

F. 

Is 

(469.77) 

(40*450) 

(253822) 

6 

4 

4.9 

0.01! 

0.10 

-1.19 

E 

Is 

469.865 

(40995) 

(253799) 

4 

6 

3.3 

0.016 

0.10 

-1.19 

E 

Is 

3 

2D°— JP 

858.40 

(40968) 

(3/9985) 

10 

6 

150 

0.18  ; 

2.1 

0.25 

E 

1 

Id  uv) 

358.70 

(40950) 

(319751) 

6 

4 

140 

0.18 

1.3 

0.04 

E 

Is 

357.831 

(40995| 

(320452) 

4 

2 

150 

0.15 

0.70 

-0.23 

E 

Is 

! 

358.70 

(40995| 

(319751| 

4 

4 

15 

0.030 

0.14 

-0.93 

E 

Is 

4 

2p°_*D 

521.78 

|62/55| 

\252808 ] 

6 

10 

7.7 

0.052 

0.54 

-0.50 

E 

2 

(8  uv) 

521.810 

(62157| 

(253799) 

4 

6 

7.6 

0.047 

0.32 

-0.73 

E 

Is 

521.730 

(62!50( 

(253822) 

2 

4 

6.4 

0.052 

0.18 

-0.98 

E 

Is 

(521.74| 

(62157) 

(253822) 

4 

4 

1.3 

0.0052 

0.036 

-1.68 

E 

Is 

5 

2po _ 24^ 

421.584 

(62/55) 

(299351] 

6 

2 

120 

0.11 

0.92 

-0.18 

E 

2 

(9  uv) 

6 

2  p° 2  p 

587.85 

(62/55) 

[3/9985| 

6 

6 

75 

0.17 

1.3 

0.01 

E 

1 

(10  uv) 

388.23 

[62157j 

(3197511 

4 

4 

62 

0.14 

0.72 

-0.25 

E 

Is 

387.13 

(62150| 

|320452| 

2 

2 

51 

0.11 

0.29 

-0.64 

E 

Is 

387.13 

(621571 

(320452] 

4 

2 

24 

0.027 

0.14 

-0.% 

E 

Is 

388.23 

[621501 

(3197511 

2 

4 

12 

0.055 

0.14 

-0.96 

E 

Is 

7 

2//1- 

4S°-4P 

208.68 

0 

470200 

4 

12 

48 

0.095 

0.26 

-0.42 

E 

1 

2/r(3P)3s 

(2  uv) 

208.485 

0 

479662 

4 

6 

48 

0.047 

0.13 

-0.72 

E 

Is 

208.734 

0 

479083 

4 

4 

48 

0.032 

0.087 

-0.90 

E 

Is 

208.899 

0 

478701 

4 

2 

48 

0.016 

0.043 

-1.20 

E 

Is 

8 

2/'3  — 

Q 

ri 

l 

o 

1—3 

212.556 

[40968J 

(5//68/| 

10 

10 

74 

0.050 

0.35 

-0.30 

IT 

id 

1 

2/A'Dfls' 

(6  uv) 

9 

2/>~3.s  — 

4P  — 4D° 

2861.5 

470200 

521642 

12 

20 

2.5 

0.34 

32 

0.62 

D 

CO 

2/ri3P)3/> 

2357.% 

479662 

522058 

6 

8 

2.5 

0.28 

13 

0.22 

D 

Is 

2352.52 

479083 

521578 

4 

6 

1.7 

0.22 

6.7 

-0.06 

D 

Is 

2350.84 

478701 

521226 

2 

4 

1.0 

0.17 

2.7 

-0.46 

D 

Is 

2384.95 

479662 

521578 

6 

6 

0.72 

0.061 

2.9 

-  0.-3 

D 

Is 

2372.16 

479083 

521226 

4 

4 

1.3 

0.11 

3.4 

-0.36 

D 

Is 

2362.68 

478701 

521013 

2 

2 

2.0 

0.17 

2.7 

-0.47 

L) 

Is 

2405.19 

479662 

521226 

6 

4 

0.12 

0.0067 

0.32 

-1.39 

D 

Is 

2384.20 

479083 

521013 

4 

2 

0.40 

0.017 

0.53 

-  1.17 

D 

Is 

10 

4p_.4p° 

2107.5 

470800 

5 24802 

12 

12 

3.1 

0.23 

20 

0.43 

I) 

ca 

2203.88 

479662 

525022 

6 

6 

2.2 

0.16 

6.8 

-0  03 

D 

Is 

|2192.6| 

479083 

524677 

4 

4 

0.42 

0.030 

0.86 

-0.92 

D 

Is 

(2188.0) 

478701 

524391 

2 

«> 

0.52 

0.037 

0.54 

-1.13 

I) 

Is 

1  2220.81 

479662 

524677 

6 

4 

1.4 

0.067 

2.9 

-0.40 

D 

Is 

(2206.4| 

479083 

524391 

4 

2 

2.5 

0.093 

2.7 

-0.43 

D 

Is 

(2176.1! 

479083 

525022 

4 

6 

0.% 

0.10 

2.9 

-0.39 

D 

Is 

(2174.41 

478701 

524677 

2 

4 

1.3 

0.19 

I  2.7 

-  0.42 

l) 

Is 
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76b  6^  0-66  II 


lit*  I  * 


N«. 

4  ransiiioi; 
Array 

Multi¬ 

ple! 

aiAi 

A', (cm  'I 

Attcm  ') 

g< 

g* 

.6,1 10" 
're  ') 

J  ik 

.S(at.ii.  ► 

i-*g  g/ 

\rcil 

rar> 

Source 

II 

2AM. 7 

1 4889.4/1 

[5.4//  74 1 

6 

10 

2.6 

0.37 

17 

0.35 

!) 

ra 

2363.28 

| 489161 j 

[5314621 

4 

6 

2.7 

0.33 

10 

0.12 

I) 

Is 

2363.49 

[4884791 

[5307411 

2 

4 

2.2 

0.37 

5.  i 

—  0. 1 3 

D 

Is 

2404.28 

[489I61| 

[5.30741 1 

4 

4 

0.42 

0.036 

i.i 

—  0.84 

t) 

Is 

12 

2/r.3.s’  — 

2D-2F° 

2289./ 

[5//68/[ 

[555.45.41 

10 

14 

2.8 

0.30 

23 

0.48 

1) 

ca 

2/»*CD  tip 

2283.79 

[5)1678| 

[5554131 

6 

8 

2.8 

0.29 

1.3 

0.2  4 

1) 

Is 

2293.49 

|5 I1685| 

[5-52731 

4 

6 

2.6 

0.30 

9.2 

0.08 

I) 

Is 

2293.14 

|511678| 

| 5552731 

6 

6 

0.18 

0.014 

0.65 

-  1.06 

1) 

i.i 

13 

2D  — -D° 

20 A  1.7 

|5//68/| 

[ 560885 | 

10 

10 

4.0 

0.25 

17 

0.39 

\) 

CU 

2022.19 

[51 1678J 

|560846| 

6 

6 

3.8 

0.23 

9.3 

0.14 

l) 

Is 

201 8.4-4 

|511685| 

(560943| 

4 

4 

3.7 

0.22 

6.0 

-  0.05 

I) 

Is 

1 2029.2| 

[511678! 

| 5609431 

6 

4 

0.40 

0.017 

0.66 

-  1(H) 

1) 

Is 

[2033.5! 

|5i 1685| 

| 560846[ 

4 

6 

0.27 

0.025 

0.66 

-  1.00 

D 

Is 

14 

2//-3.s"- 

2260.8 

| 538500| 

[4827/8[ 

6 

18 

2.7 

0.63 

28 

0.58 

IJ 

('ll 

2p-(*S)3//’ 

2258.02 

[  5385(H)  | 

[5827731 

6 

8 

2.7 

0.28 

12 

0.23 

I) 

Is 

2262.08 

| 5385001 

[582693[ 

6 

6 

2.7 

0.21 

9.4 

0.10 

I) 

Is 

2264.54 

| 3385001 

;  5826451 

6 

4 

2.7 

0.14 

6.2 

-0.08 

l) 

Is 

Forbidden  Transitions 


Garstang's  1960  calculations  [l]  arc  exclusively  used,  since  it  is  ielt  that  the  important  effects 
of  configuration  interaction  are  partially  taken  into  account  in  this  work  and  a  reliable  estimate 
of  the  quadrupole  integral  is  provided  (see  also  general  introduction). 
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Ne  IV.  Forbidden  Transitions 


No. 

Transition 

Multi- 

At  A) 

A ,1  cm  ') 

f.'clcm  ') 

g. 

1 

Type  nf 

■bit  see  ') 

.Slat.u.) 

Accu- 

Source 

Array 

plet 

Transition 

racy 

1 

2/);i  —  2/r' 

4S°  -  -[) 

[2441.31 

0 

40950 

4 

6 

ni 

1.80  x  10  4 

5.8  x  10  2 

c 

D 

1 

1 

[2441.31 

0 

40950 

4 

6 

r 

4.1  x  10  4 

1.3  X  10  4 

[2438.6 j 

0 

40995 

4 

4 

m 

0.0053 

1.1  4  X  10  5 

C 

1 

1 

[2438.61 

0 

40995 

4 

4 

r 

2.7  x  10  4 

5.5  x  10  r> 

1) 

2 

1 1609.0| 

0 

62150 

4 

2 

ill 

0.53 

1.64x10' 

c 

) 

[  1609.01 

0 

62150 

4 

2 

V 

8.6  x  |()  41 

1.1  x  10  7 

I) 

1 

[1608.8| 

0 

62 1 57 

4 

4 

m 

1.33 

8.2  x  10  4 

c 

1 

|1608.8| 

0 

62157 

4 

4 

V 

1.5  x  It)  4 

3.8  v  10  » 

1) 

l 

3 

[22.2  x  1 0  >] 

40950 

40995 

6 

4 

m 

1.48  x  10  « 

2.40 

<:  + 

1 

1 

[22.2  x  |0’| 

40950 

i  40995 

6 

4 

V 

1.1  x  10  '' 

0.001 4 

1) 
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Ne  IV.  Forbidden  Transitions— Continued 


AVcnt  'l  Astern  *) 


40950 

40950 

40950 

40995 

40995 

uvm 

40995 


62150 

62150 


62150 

62157 

62157 

62157 

62157 

62150 

62150 


.4i,(  >*•<• 


2.56  x  10  » 
2.6  x  10  22 


•Stat.u.) 

Accu¬ 

racy 

Source 

0.305 

c 

1 

0.00527 

c. 

1 

1.06 

c 

1 

0.0056 

c 

1 

0.439 

c 

1 

0.00179 

c 

1 

0.446 

c 

1 

i  .33 

c  ■+■ 

1 

5.7  x  10  4 

D 

1 

Allowed 

List  of  ta 


W  avelcngth  j  A) 


173.952 

357.955 

358.472 

359.385 

36.5.594 

416.198 

480.406 

481.281 

481.361 

482.987 

568.418 

569.759 

.569.830 

572.03 

572.106 


572.336 

2224.12 

2227.42 

2232.41 

2236.29 

2245.48 

2256.05 

2257.9 

2259.57 

2263.39 

2265.71 

2274.54 

2282.61 

2306.31 

2330.3 


For  the  2s~2fr — 2s2/P  transition  array,  values  are  available  from  the  calculations  of  Bolotin 
et  al.  [1|  which  include  the  important  effects  of  configuration  interaction  only  in  a  limited  way. 
Hence,  fairly  large  uncertainties  must  he  expected. 

The  values  for  several  other  transitions  are  taken  from  the  self-consistent  field  calculations 
(with  exchange)  by  Weiss  [2 1.  These  calculations  neglect  the  effects  of  configuration  interaction 
entirely.  The  average  of  the  dipole  length  ari  l  the  velocity  approximations  is  adopted  [2 1. 


|l|  Hololin.  A.  B..  l.cvinson.  I.  B..  anil  l.cvin.  I„  I..  Soviet  Pbys.  —  JKTt’  2,  391-395  (19.56). 
\2\  W  riss.  A.  W '..  private  oimniiinii  alioi)  (166.)!. 


Ne  V.  Allowed  T  ransitions 


No. 

Transition 

Array 

Multi¬ 

ple! 

A  (K) 

fitcm'1) 

fslcm'1) 

Ai(10" 

sec-1) 

/■* 

Slat.u.) 

lopgf 

Accu¬ 

racy 

Source 

1 

2s22p*  — 

3P-  3D° 

7.56 

1 75876 

9 

14 

0.11 

1.9 

0.00 

K 

i 

2s2p3 

(1  uv) 

572.336 

1112 

175834 

5 

7 

14 

0.89 

-0.33 

E 

Is 

414 

175905 

3 

5 

10 

0.47 

-  0.60 

E 

Is 

568.418 

0 

175927 

1 

3 

7.7 

0.21 

-  0.95 

E 

Is 

1112 

175905 

5 

5 

3.5 

0.16 

-  1.07 

E 

Is 

414 

17592'’ 

3 

3 

5.8 

0.16 

-  1.07 

E 

Is 

1112 

175927 

5 

3 

0.40 

0.0012 

0.011 

-  2.23 

E 

Is 

2 

:1»-3P° 

482.15 

7,56 

208161 

9 

9 

40 

2.0 

0.10 

E 

1 

(2  uv) 

482.987 

1112 

208157 

5 

5 

30 

0.10 

0.83 

-0  28 

E 

Is 

481.361 

414 

208157 

3 

3 

10 

0.17 

-  0.97 

E 

Is 

BriuETIfB 

1112 

208157 

5 

3 

17 

0.035 

0.28 

-0.75 

E 

Is 

481.281 

414 

208193 

3 

1 

40 

0.046 

0.22 

-0  86 

E 

Is' 

481.361 

414 

208157 

3 

5 

10 

0.059 

0.28 

-0.75 

F. 

Is 

480.406 

0 

208157 

1 

3 

13 

0.14 

0.22 

F. 

Is 

3 

3P  — 3S° 

858.9.1 

756 

279365 

9 

3 

220 

0.14 

1.5 

E 

1 

(3  uv) 

359.385 

1112 

279365 

5 

3 

120 

0.14 

0.83 

—  0.15 

E 

Is 

358.472 

414 

279365 

3 

3 

73 

0.14 

0.50 

E 

Is 

357.955 

0 

279365 

1 

3 

25 

0.14 

0.17 

-  0.84 

E 

Is 

4 

•D-!D° 

416.198 

30294 

270564 

5 

5 

110 

0  28 

1.9 

E 

1 

(4  uv) 

3 

■D-r 

365.594 

30294 

303812 

5 

3 

150 

0.18 

1.1 

-0.04 

E 

1 

(5  uv) 

6 

2p2- 

'D-'P° 

173.932 

30294 

605231 

5 

3 

230 

0.063 

0.18 

E 

2 

2p(2P°)3s 

(6  uv) 

7 

2  p2- 

3p_  30° 

14.1.32 

7.56 

6985/7 

9 

15 

1200 

0.61 

2.6 

0.74 

D- 

•> 

u 

2p(2P°)3</ 

1 1 43.34] 

1112 

698735 

5 

7 

1200 

0  51 

1.2 

0.41 

D- 

Is 

|143.27| 

414 

698382 

3 

5 

0.46 

0.65 

0.14 

D- 

Is 

[143.22! 

698231 

1 

■5 

0.62 

0.29 

-0.21 

D- 

Is 

[143.42] 

1112 

698382 

5 

5 

■ 

0.093 

0.22 

-0.33 

D- 

Is 

[  143.30| 

414 

698231 

3 

3 

1  ■ 

0.16 

0.22 

D- 

Is 

|143.45| 

1112 

698231 

5 

3 

32 

0.0059 

0.014 

-1.53 

D- 

Is 

8 

3p  _.ip° 

142.61 

7.56 

701945 

9 

9 

670 

0.20 

0.86 

0.26 

D- 

2 

[142.721 

1112 

701765 

5 

5 

0.15 

0.36 

-0.12 

D  — 

Is 

[142.52] 

414 

702074 

3 

7 

0.051 

0.072 

-0.81 

D- 

Is 

[142.66) 

1112 

702074 

5 

.i 

280 

0.051 

0.12 

-0.59 

D- 

Is 

[142.44! 

414 

702459 

3 

i 

670 

0.068 

0.096 

-0.69 

D- 

Is 

1 142.58] 

414 

701 765 

3 

5 

■F71  ■ 

0.085 

0.12 

-  0.59 

D- 

Is 

[142.44| 

702074 

1 

3 

0.20 

0.096 

-0.69 

D- 

Is 

9 

[151.421 

690691 

5 

5 

0.14 

0.34 

D- 

2 

10 

1 1)  —  *  P° 

[148.78] 

702412 

5 

3 

37 

0.0073 

0.018 

-  1 .43 

D- 

2 

11 

■D-'P 

[147.131 

30294 

709956 

5 

7 

1300 

<  '8 

1.4 

0.46 

D- 

2 

12 

•S-'P° 

[156.61| 

63900 

1 

3 

690 

0.7t 

0.39 

-0.12 

D- 

\> 
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Ne  V.  Allowed  Transitions  —Continued 


No. 

Transition 

Multi- 

aiA) 

£i(t  n  ’) 

ftlCRl'1) 

g> 

H 

gk 

/G,(10* 

fk 

.S'(at.u.) 

1"R  gf 

Ac-cu- 

Source 

Array 

pit'! 

sec ' 1 ) 

racy 

13 

2p3s  - 

3{SO_3[) 

2269.0 

597083 

6 41142 

9 

15 

2.2 

0.28 

19 

0.40 

D 

ca 

2/d:ri  3/> 

2265.71 

597523 

641646 

5 

7 

2.2 

0.24 

8.9 

0.07 

D 

Is 

2259.57 

596626 

640868 

3 

5 

1.7 

0.21 

4.7 

-0.20 

D 

Is 

2263  39 

596254 

640422 

1 

3 

1.2 

0.28 

2.1 

-  0.55 

D 

Is 

2306.31 

597523 

640868 

5 

5 

0.52 

0.042 

1.6 

-0.68 

D 

Is 

2282.61 

596626 

640422 

3 

3 

089 

0.070 

1.6 

-0.64 

D 

Is 

[2330.3! 

597523 

640422 

5 

3 

0.056 

0.0027 

0.11 

-1.86 

D 

Is 

14 

2.i2/i*35- 

2j2/A4PB/i 

sp  -  5D° 

2232.41 

698501 

743285 

7 

9 

0.20 

0.019 

0.96 

-0.88 

D 

ca.  Is 

2227.42 

697935 

742816 

5 

7 

0.13 

0.014 

0.50 

-1.17 

D 

ca.  Is 

2224.52 

697507 

742455 

3 

5 

0.069 

0.0085 

0.19 

-1.59 

D 

ca.  Is 

2256.05 

698504 

742816 

7 

7 

0.063 

0.0048 

0.25 

_t  47 

D 

ca.  Is 

2245.48 

697935 

742455 

5 

5 

0.11 

0.0084 

0.31 

-  37 

D 

ca.  Is 

2236  29 

697507 

742210 

3 

3 

0.15 

0.01 1 

0.24 

-  1.49 

D 

ca.  Is 

2274.34 

698504 

742455 

7 

5 

0.012 

6.8  X  lO  4 

0.036 

-2.32 

D 

ca.  Is 

[2257.9) 

697935 

742210 

5 

3 

0.047 

0.0022 

0.080 

-1.97 

D 

ca.  Is 

Forbidden  Transitions 

The  adopted  values  represent,  as  in  the  case  of  F  JV,  »he  work  of  Garstang  [1]  and  Naqvi  [2], 
who  independently  have  done  essentially  the  same  calculations  and  have  arrived  at  very  similar 
results.  For  the  selection  of  values,  the  same  considerations  as  for  F IV  have  been  applied. 

References 


[1|  Garstang,  R.  H..  Monthly  Notices  Roy.  Astron.  Soc.  Ill,  115-124  (1951). 
[2|  Na*ivi,  A.  M„  Tl  esis  Harvard  (1951). 


Ne  V.  Forbidden  Transitions 


NeVl. 


Ground  State  1  s2'2s22i> -l*? 

Ionization  Potential  1.57.91  e\  =  1274000  cm  1 

Allowed  Transitions 


List  of  tabulated  lines: 


Wavelength  (Aj 

No. 

W  avelength  [Aj 

No. 

Wavelength  [  A] 

No. 

122.-1  - 

9 

440.404 

s 

1 

571.00 

6 

122  1  ) 

9 

440,46 

.) 

637.90 

7 

138.‘v*> 

8 

440.60 

r> 

638.19 

7 

138.64 

8 

431.843 

4 

641.26 

7 

399.82 

3 

452.743 

4 

641.55 

7 

401.14 

•» 

.4 

454.072 

4 

2042.38 

10 

401.9.3 

3 

558.59 

1 

2055.93 

10 

403.26 

3 

562.71 

1 

2213.1 

II 

433. 1 76 

2 

562.80 

1 

2229.1 

II 

433.649 

2 

570.77 

6 

The  transition  probabilities  are  taken  from  the  self-consistent  field  calculations  (with  exchange) 
by  Vieiss  |1]  These  calculations  neglect  the  e fleets  of  configuration  interaction  entirely.  Tin* 
average  of  the  dipole  length  and  velocity  approximations  is  adopted  jl|. 

Reference 

[1]  Weiss.  V  \\  ..  |>ri\ at'-  eomiatinicatioiH  l%5i. 


NeVI.  Allowed  Transitions 


NeVI.  Allowed  Transitions  —  Continued 


N<>.  I  rati'ili-m  Multi  AiAl 

Array  plet 


-I)  —  -P 


-S-T 


*!»-*!' 


no.  on 

140.00 

|440.46| 

.>70.  HI 

|  “>70.77  j 
[57I.OOJ 

040.24 

(ft  11.26| 

1 638.10| 
j 641.33| 
j 637.901 


2/<  —  (‘Si3s  -T°--“S  / 38.55 

|138.64| 
|  i  38.39| 

2/i -  i'Si.W  -|K--I)  122. 62 

|122.69| 
[122.491 
1 122.69) 

3.s-('S)3  />  -S  -  -P  204 6.9 

2042.38 

2033.93 

:>/>  —  (•  Si3(/  222:1.7 

[2229.11 

[2213.1| 

[2229.11 


17000! 

1 78902 
1 7902 1 
17*1021 

230833 

21083.3 

2.30833 

249839 

230112 

249292 

250112 

249292 


722610 

722610 


77 1 337 
771234 
771337 


/■.item  '1  p,  p> 

100012  !0  6 

106056  (>  l 

103981  4  2 

400030  t  1 

100042  2  6 

106036  2  1 

405981  2  2 

400042  6  6 

406056  4  1 

405984  2  2 

405984  1  2 

406056  2  4 

722610  6  2 

722610  4  2 

722610  2  2 

816405  6  10  1 

816405  4  6  1 

816405  2  4  1 

8164C5  4  4 

771440  2  6 

771557  2  4 

771234  2  2 


4*810" 

>cc  1 1 


771440  816405  6  10 


816405  1 
816105  2 
816405  4 


0.014 

0.0.36 

0.(X>71 


0.201 

0.226 

0.0225 


.Slat. u. I  1»»|»  pf  j  Aeeu-  Source 


-  0.36  F. 

-  0.58  E 

-  0  81  E 

-  1.53  E 

-  0.47  E 

-  0.64  E 

-  0.95  E 

-  0.15  E 

-  0.41  E 

-  0.80  E 

-1.09  E 

-  1.09  E 

-0.77  E 

-  0.94  E 

-1.24  E 

0.51  D 

0.29  D 

0.0.3  D 

-  0.67  D 

0.010  C 

-0.165  C 

-0  469  C 

j  0.131  C 

-  0.095  t: 

-0.344  <: 

-  1.046  <: 


Forbidden  Transitions 

Naqvi  s  calculation  [1|  of  t  1m*  .1110  possible  transition  in  the  “round  state  eotifi<<m'atinii  2/>  is 
the  only  available  source.  The  line  strength  should  l>e  (|iiite  aeenrale.  since  it  does  not  sensitively 
depend  on  the  choice  of  the  interaction  parameters. 


Reference 


Ni’ijvi.  A,  M..  Thesis  Harvard  (19511. 


INeVI.  Forbidden  Transitions 


Transition  Multiple!  \(A|  /'.',(<•  in  ‘)  E*(em  ’)  p,  p>-  Type  of  /falser  ‘)  S(at.u.) 

Array  Transition 


2|)°  _  2|>° 


|76.32  x  10*1 


Ne  VIS. 


Ground  Stale 


]  s-’2s  -  :S0 


ionization  Potential 


207.21  eV  =1671700  cm  1 


Allowed  Transitions 

The  values  are  taken  from  the  calculations  of  Veselov  [1]  who  has  used  relatively  simple  wave 
functions  and  neglected  the  effects  of  configuration  interaction  entirely.  Hence,  large  uncertainties 
are  to  he  expected. 


Reference 

;t]  VewU.  M.  C..  Zhui  Ekspti.  i  Tc-urel.  Kiz.  19,  '<59-964  I 1949). 


INeVII.  Allowed  Transitions 


No. 

Transition 

Array 

Multi¬ 

ple! 

X(A) 

6, (cm  h 

A’ttc  m  ’) 

(fk 

.'6,110* 
sec  1 ) 

fit 

S(al.u.) 

1"S  of 

Accu¬ 

racy 

Source 

1 

2s!  - 

■s-cr 

465.221 

0 

214952 

1 

3 

58 

0.57 

0.87 

-0.25 

E 

1 

2.s(‘Si2p 

2 

2.s2/»  —  2/r 

ape-  _  3p 

56/. 59 

\  11 2208] 

1 2902  73 1 

9 

9 

33 

0.16 

2.t> 

0.14 

E 

1 

5f»  1.728 

|U27(X»| 

|290722| 

5 

s 

25 

0.12 

1.1 

-0.23 

E 

Is 

561.378 

|111706| 

( 2898.39 ( 

3 

3 

8.2 

0.0.39 

0.21 

-0.94 

E 

Is 

564.529 

|112700| 

(2898391 

s 

3 

14 

0.040 

0.37 

-  0.70 

E 

Is 

562.992 

|111706| 

(289328J 

3 

1 

32 

0.051 

0.28 

-0.81 

E 

Is 

558.61 

|11 1706 j 

| 290722] 

3 

5 

8.6 

0.067 

0.37 

-0.70 

E 

Is 

559.947 

I11525H 

|289839| 

1 

3 

11 

0.15 

0.28 

-0.81 

E 

Is 

.3 

2  s  .  Vs  - 

3£  _  3p° 

1087.0 

|978300| 

( / 028626 | 

3 

9 

2.3 

0.41 

8.1 

0.09 

1) 

C(1 

2.s«-S  >3/> 

1981.97 

|978300| 

( 1028755) 

3 

5 

2.4 

0.23 

i  4.5 

-0.16 

1) 

Is 

1992.06 

|978300| 

(1028499] 

3 

3 

2.3 

0.14 

2.7 

-  0.38 

1) 

Is 

1997.35 

(978.3001 

[ 1 028367  j 

3 

1 

2.3 

0.046 

0.90 

-0.86 

D 

Is 

Forbidden  Transitions 

Naqvi's  calculations  |1|  are  the  only  available  source.  The  results  for  the  :,P°  —  :,P°  transi¬ 
tions  are  essentially  independent  of  the  choice  of  the  interaction  parameters.  For  the  :,P°— M>0 
transitions.  Naqvi  uses  empirical  term  inte  rvals,  i.e.,  the  effects  of  configuration  interaction 
should  he  partially  included. 

Reference 


|l|  Niiijvi,  \.  M  .  tlii-'i'  ll,ir\.ml  1 195 1 1. 
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Ne  VII.  Forbidden  Transitions 


Ne  VIII. 


Ground  State  ls22s2S1/2 

Ionization  Potential  239  e  V  =  1928000  cm  - 1  (?) 


Allowed  Transitions 

The  extensive  self-consistent  field  calculations  including  exchange  by  Weiss  [  1 J  are  used  for 
this  ion.  Values  have  been  calculated  in  both  the  dipole  length  and  velocity  approximations 
and  agree  quite  well.  The  dipole  length  values  are  chosen.  For  the  2s  —  2 p  transition  an  experi¬ 
mental  result  from  the  lifetime  measurement  of  Berkner  et  al.  [2]  is  available  and  agrees  very 
well  with  Weiss’  value. 


References 

[1|  Weiss.  A.  W..  Astrophys.  J.  138,  1262-1276(1963*. 

[2|  Berkner.  K.  H..  Cooper,  W.  L..  Kaplan.  S.  N„  and  Pyle.  R.  \  ..  Phys.  Letlers  16,  35  (1965). 


NeVIII.  Allowed  Transitions 


No 

Transition 

Array 

Multi 

plet 

x(Ai 

£j(cm  ') 

£*(cm  ') 

g> 

gk 

AkiilV 

sec’1) 

fk 

Slat.u.) 

log  gf 

Accu¬ 

racy 

Source 

I 

2s -2/; 

2V}  _  2po 

773.69 

.0 

I292.il 

2 

6  j 

5.64 

0.152 

0.774 

-0.517 

B  + 

1.  2 

770.402 

0 

129801 

2 

4 

5.72 

0.102 

0.516 

-  0.692 

B  + 

Is 

780.324 

0 

128152 

2 

2 

5.50 

0.0502 

0.258 

—  0.998 

B  + 

Is 

2 

2s  —  3/i 

-;S  -  2P° 

|88.134| 

0 

| 1 134634] 

2 

6 

85.3 

0.298 

0.173 

-  0.225 

B 

1 

.3 

2/r  —  3s 

2po  _  2£ 

i/03.05] 

I292.il 

11099681] 

6 

2 

462 

0.0245 

0.0499 

-0.833 

B 

1 

4 

2/. -3d 

2P°-  2D 

1 98.3081 

1292.il 

| 1146459| 

6 

10 

2760 

0.667 

1.30 

0.602 

B 

1 

5 

3s -3  p 

2S_2PC 

|2860.1| 

11099681] 

|1134634| 

2 

6 

0.6% 

0.256 

4.82 

-  0.291 

B 

1 

ft 

3/>  -  3d 

*5 

o 

i 

6 

|8454.3| 

1 1 134634] 

11146459] 

6 

10 

0.0214 

0.0382 

6.38 

-  0.640 

B 

1 

151 


IMe  1\ 


Ground  Slate  Is-' 'N„ 

Ionization  Potential  1 195  e\  =  9641000  cm  1  \'i) 


Allowed  Transitions 

The  results  of  extensive  non-relativistie  variational  calculations  by  Weiss  |1)  are  elioseu. 
Values  have  been  calculated  in  both  the  dipole  length  and  dipole  velocity  approximations  and  agree 
to  vithin  1%.  except  for  the  3/> 1 1*0  —  'id1 1)  transition  where  agreement  is  not  as  good.  Tile  average 
id  the  two  approximations  is  adopted  (T 


Reference 


PI  W  «  i>s,  A  \\  ..  ;>n\ jlc  r  iiiimiiiii«  a(i<«n  <  |W»l). 


!NeIX.  Allowed  Transitions 


No. 

Transition 

Array 

1  ~  '  "  " 

Multi¬ 

ple! 

At  At 

f?,!cm  'l 

/•,(  (<■  in  '1 

A 

A 

4k,t  10Mscc  ') 

jtk 

Slat. u.) 

l"g  Kf 

— - - 

Arcu- 
ra<  > 

Source 

1 

Is2- 

!.v2/> 

*S  —  ’1>0 

(]3.460| 

0 

1 7429270j 

1 

3 

8.87  x  IIP 

0.723 

0.0320 

-0.14! 

A 

2 

1  .s-  — 
ls.3/> 

'S-T 

1 1 1.5581 

0 

| 86523801 

1 

3 

2.48  x  10' 

0.119 

0.00567 

0.827 

A 

i 

ls2s  — 
ls2/> 

■S-'|>0 

|1W1.5| 

(7376680! 

|7429270| 

1 

3 

0.329 

0.0535 

0.335 

-  1.272 

' 

4 

1  s2s  — 

Is. 4,1 

■S  —  '!>0 

1 78.3881 

(7376680! 

1 8652380 1 

1 

3 

1  OH) 

0.386 

0.0996 

-0.41.3 

A 

l.s2p- 

ls3</ 

'P°—  *1) 

|82.010| 

(74292701 

1 86 48630| 

3 

5 

4180 

0.703 

0.569 

0.321 

A 

'> 

ls.W- 

ls.3/; 

•D-'l’0 

(26660|? 

[86486301 

(86523801 

5 

> 

9.99  x  11)  1 

0.00639 

2.80 

-  1.196 

O 

7 

l.s2s- 

ls2/i 

__  :ipo 

(1297.51 

|729*740| 

| 73718IO| 

3 

9 

0.980 

0.07  42 

0.951 

-  0.653 

A 

8 

Is  2  s  — 

1  s4/( 

■S  —  'I* 

(74.5271 

1 7294740| 

| 8636540| 

3 

9 

1  460 

0.365 

0.269 

0.0.39 

\ 

9 

1  s2/i  - 
1  s.3,/ 

■T0-  4) 

1 78.356| 

(73718101 

| 8648030 | 

9 

15 

4380 

0.672 

1 .56 

0.782 

\ 

10 

l.s3,i 

1  slit/ 

:*p°_  •»!) 

(87()0.8| 

|86365 1()| 

1 86  480.40 1 

9 

15 

0.0155 

0.0294 

7.58 

—  0.577 

A 

1 

152 
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List  of  Remit  A«l<lit ioiial  Matenai 

(New  tttaleriai  wlttei:  wintiil  have  lift  !)  employed  it  rrcci\nl  in-lore  mini]  dale) 


Spot  Irttin 
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C  IV 
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Ne  II 
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N  l 
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Ne  VI 
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Kt'lrrniccs  and  (iominenls 

\.  \n< I*- r •  ii ,  L  M.  ami  Zililt*.  \  .  V.  < )plic»  and  Spot  tro*copy  tl  .S.S.R.t  16.  21 1  214  1 16631. 

Semi-empirical  calculation*.  Extensive  tabulation*.  in  lair  agreement  w ii li  oitr  adopted  value*  for  some  of  the 

high  Kill;;  transition*.  e»pc<  iallv  tlin*c  nt  the  resonance  »orie»  whore  these  value*  arc  a*  much  a*  MY'  lower. 

I!.  Hannci'.,  \|.  K..  ami  Stewart.  \.  I...  Monthly  Notice*  Ko>.  \*lron.  Sue .  126,  387-362  l 1 963k 
l.i  i.  He  tt.  H  in.  •!  n,  \  \  .  Oh 

Variational  '  atcnlutioti*.  Food  agreement  with  tabulated  value*.  ii*uall>  willlin  HI  2>rr.  except  lor  ea»o*  where  can- 
(illation  oeeiii'".  Some  traii"itioii»  are  coxcrcil  (or  which  we  have  no  value*.  Has  heen  used  lor  Kvtt. 

<  .  Nikitin.  V  V.  ami  Yaknhuv*kii.  ().  V.  Soviet  I *h> ~.  Iloklady  9,  409-411  (196Jk 
H  I.  F  tt.  N  III.  (I  l\.  f  \.  \e  \l. 

(.Inunlnin  ineeiianieal  cu!>  illation*  for  forbidden  tfan>itioii".  Value*  are  prc*cntcd  lor  i|uailrii|nile  lran*itinu*  in  »p- 
configuration*.  Ve  Im.o  no  \alue>  lor  t!ie*e  transition*. 

I).  Bennett.  Jr..  V\  .  It..  Kinillntaim.  IV  J..  ami  Mercer.  <i.  Y.  \|)|iliecl  Optic*  Suppleuieiit  2  of  (  lieinii  al  Laser*  pp.  34 
37.  1 1 965 1. 

He  t.  No  l. 

I  ifetime  determination*.  The  rc*nlt*  for  \c  agree  within  230  with  the  adopted  value*  and  will,  the  expi  riiaental 

re*nlt*  of  klo*e.  't  he  lie  re*nl!*  have  heen  incorporated  Irein  an  earlici  paper  which  was  referenced  in  this  t.uinlution 

K.  Berkner.  k..  Fnoper  III.  ft  .  S..  Kaplan.  S.  Y.  anil  I’ylo.  K.  V..  I’hysio*  l.elter*  16.  35-36  1 1965k 

F  tv.  N  v.  0  vt. 

Fife  time  determination*  using  the  accelerator  technique.  \gtee*  with  Wei**-  extensive  alenlation*  willlin  the  »lateil 
expcrinienlal  and  llicoretii  al  error  limits,  Ha*  heen  u*ed  for  F  \ tt  and  Ne  \  tit. 

F.  From  .  C..  I’liv*.  Rev.  137,  \I644  .\16I8  1 196.5k 
O  H.  O  ill.  Ne  it. 

Self-consistent  held  calculation*.  Excellent  agreement  with  the  adopted  value*  of  kelly.  Mastrup.  and  Wiese,  and  the 
Fonloiith  approximation  Tend*  to  he  a  lew  pereenl  liipli  in  all  ea*e*  exeep!  one  and  should  he  used  ill  preference 
to  the  Fnnlouih  approximation. 

F.  Morse.  F  V.  and  Kanfiilan.  F..  J.  Flicm.  I’liv*.  42.  1 78.5  1 79(1  1 1965k 

N  t.  <>  l. 

Ali*orplion  id  resonanee  radiation.  I  he  lower  limit  given  lor  N  l  i*  eon*iderahlv  lower  than  the  value*  Irniv  Ihe  arc 
experiinenl  id  l.ahnhu  and  the  lifetime  determination  id  Lawrence  and  Savage  tSee  ref.  Id.  hut  is  closer  to  Lie  value 
ol  I’rag.  Fairchild,  and  ( Mark  (See  ret.  Ji.  For  Ot  the  value*  are  in  excellent  agreement  with  the  lalnilaled  values. 

II.  IVndleton.  W.  IF.  and  Hughe*.  K.  I!..  I’liv*.  Rev.  138.  A683  4637  (196.5k 

lie  t. 

Lifetime  determination.  Support*  the  theory  quite  well  and  usually  agrees  with  other  referettced  lifetime  ex|>i  intents 
within  Ihe  staled  error  limit*. 

I.  I’lonnig.  IF.  Steele,  R..  and  T refit/..  F...  J.  pliant.  Sped  rose.  Radial.  Transfer  5,  335-3.57  (1965). 

Be  I.  F  tit.  N  tv  I)  v. 

Si'll  .consistent  held  call  illation*.  Food  agreement  with  tabulated  value*  of  Weis*:  lair  agreement  with  Kelly  and 
the  ('.otilonih  approximation,  with  lictier  agreement  for  the  visilde  lines  where  Kelly  and  the  C.oulonih  approximation 
have  heen  averaged.  Large  divergences  mav  ci  nr  where  cancellation  is  significant. 

J.  I’rag,  A.  IF.  Fairchild.  <5  E..  and  Dark.  K.  (3.  I’hvs.  Rev.  137,  A 1 3.58- A 1 363  1 1 965h 
N  t.  <  >  t 

Absorption  of  re*onanee  radiation.  For  Nt.  disagree*  hy  as  inueli  as  a  laclor  ol  3  4  I  low  I  with  the  adopied  values 
(are  experiment  hy  l.ahtihn)  and  with  the  lifetime  experiment  of  Lawrence  and  Savage  (See  ref.  Ft.  Agrees  well  lor 
<)  I  hut  this  is  to  he  expected  hecause  of  the  choice  ol  “host”  values. 

K.  Freon.  L.  ('...  Kolehin.  K.  K..  and  .|ohn*oii.  N.  D.  Snluiutleil  for  pnhlieatiou  in  (lie  Transact ions  of  the  international 

Astronomical  In  ion  Svnqiosinm.  #26  1 1965k 
lie  t. 

Extensive  variational  calculations.  Excellent  agreement,  wiihin  the  assigned  error  limits,  except  lor  I'.S— 7.  8’/'. 
where  the  disagreement  is  10—  L5rr  low.  Those  new  values  should  he  used  lor  1 1 S  —  7.  H 1 1 ’ 

I  Lawrence.  <i.  M..  and  Savage,  B.  I).,  (To  he  published  in  I’hys.  Rev.) 

II  t.  tt.  f  I.  Nt.  It.  lit. 

I.ilelime  experiment  using  the  phase  shill  method.  Supports  the  adopted  results  ol  Weiss  and  Bolotin  and  the  an 
experiments  of  Bold!  and  Lahulin.  The  lifetimes  lend  to  he  somewhat  longer  than  the  adopted  values. 
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Thermal  Properties  Of  Aqueous  Uni-univalent  Electrolytes  NSRDS-NBS  2  —  45/* 


Selected  Tables  of  Atomic  Spectra.  Atomic  Energy  Levels  and  Multiplet  Tables  — 
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The  National  Bureau  of  Standards  is  a  principal  focal  point  in  the  Federal  Government  for  assur¬ 
ing  maximum  application  of  the  physical  and  engineering  sciences  to  the  advancement  of  technology 
in  industry  and  commerce.  Its  responsibilities  include  development  and  maintenance  of  the  national 
standards  of  measurement,  and  the  provisions  of  means  for  making  measurements  consistent  with 
those  standards:  determination  of  physical  constants  and  properties  of  materials:  development  of 
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for  incorporation  in  codes  and  specifications:  advisory  service  to  government  agencies  on  scientific 
and  technical  problems:  invention  and  development  of  devices  to  serve  special  needs  of  the  Govern¬ 
ment;  assistance  to  industry,  business,  and  consumers  in  the  development  and  acceptance  of  com¬ 
mercial  standards  and  simplified  trade  practice  recommendations:  administration  of  programs  in 
cooperation  with  Lnited  States  business  groups  and  standards  organizations  for  the  development 
of  international  standards  of  practice:  and  maintenance  of  a  clearinghouse  for  the  collection  and 
dissemination  of  scientific,  technical,  and  engineering  information.  The  scope  of  the  Bureau’s 
activities  is  suggested  in  the  following  listing  of  its  three  Institutes  and  their  organizational  units. 

Institute  for  Basic  Standards.  Applied  Mathematics.  Electricity.  Metrology.  Mechanics.  Heat. 
Atomic  Physics.  Physical  Chemistry.  Laboratory  Astrophysics.*  Radiation  Physics.  Radio  Standards 
Laboratory:*  Radio  Standards  Physics:  Radio  Standards  Engineering.  Office  of  Standard  Reference 
Data. 

Institute  for  Materials  Research.  Analytical  Chemistry.  Polymers.  Metallurgy.  Inorganic  Mate¬ 
rials.  Reactor  Radiations.  Cryogenics.*  Materials  Evaluation  Laboratory.  Office  of  Standard  Refer¬ 
ence  Materials. 

Institute  for  Applied  Technology.  Building  Research..  Information  Technology.  Performance 
Test  Development.  Electronic  Instrumentation.  Textile  and  Appaiel  Technology  Center.  Technical 
Analysis.  Office  of  Weights  and  Measures.  Office  of  Engineering  Standards.  Office  of  Invention  and 
Innovation.  Office  of  Technical  Resources.  Clearinghouse  for  Federal  Scientific  and  Technical 
Information.** 


*  Located  at  Boulder,  Colorado,  80301. 

** Located  at  3283  Port  Royal  Road.  Springfield,  Virginia.  22171. 
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